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h  :'        l    -■••;  i  !i  illu  i        i  ; '      i  build  ig con  tru    >  d     d  *tuden  Iderso 

n  hite<  tu     o  the  fundamental  principl      latgi    ml    '    - : I    is      .    cted,Thesec<  ,.!..  ii  >n  provided 
anion  exp  n  v    we;  H  bu Iding  constn     on!      Win      vei    .    i   ;   ■  :, i .1   !    I     inforced    mcrete 
and  curtain  ■  -!-  ;  1  ■       hi     lirdedh    ■  .   ,  :'  nj    hensi       tro       ontoth      ncipli    underlying 

?uiIdingcon  tructii  nwhib  refin  |th  |i  iphii  formal  ,  ;  ii  fci<  ■-  :  efi  ttwi  litii  no  po  ii  1  • 
;  ii, ,  Idisi  ussi  of:  tru  tural  principles,  elements,  and  system  id  a  ,  .,.  •  a  idi  son  (  >u  id  ti  • 
.ystei  1     nd  referencing  thi    m    m      thi      ?iliti    ActA<       '-  ii       ■  nd  the  M      rFon 

.    •  1  ies1  bl  hi  iby  th<        tru  Dion     pecificatt       istiti     (C6I)      organizi      ■        cti      iformation 

A  comma  lahi   idtha  wo*         f through        rstthi     edition    n      ntinuesinthi    1         ditionisthe 
i1  tttude  i  ii  bull  lim     nd;     "  sb  ml  lb  ■  lai  ni     ndd&    oped  in  men  ironm  nt  lijy  ;en  >\  '      1  in  n  i 
responding  toi  mtextandclimati    iredu     heir  reliance  on      •         onmentaiconl     system    md  the 

1  rgy th    cons  ime.1   this <  nd  thi  1.     di  ><  ibe:    h  Architi  cm   \  ■  0 Ch  si    ig(  a  I    11  m    thi    ■ !  D 
Green  Building  I  itin  System™  in  I  pterOn     ndreferen      spe*  ;    LEEl  criteria  whi  ev<     ppropit 
Additional  enhancement  for  thi:     litioninclud  updating  section  numbei    to  correspond  to  the  (   4  edition 
oftheCSI   «    terFornt     '    e     1    omplying with  1     requi   n  n     >f the 2006 editioi       i     iternational 
Building  Cod     introducing  green  rool    eetem:    nd    pandingthediscu   wnoflhe  rain  screen  principle  and  i  - 
}]  pli  .   !•    in    i.  i  ' «   !   Iding 

It  would! a  ii  ipi     ibl    ocovt     llbuil    1      iterialsandcon     -    '   .  ,< !  iii  ><      utthi  nform    1*  1 

presented  I    eii  •  iou  lb    j    icabiel   rnosti  sidentiala     comm     iaiconstr     ion  si     tion    ncountered 

Constru<    on  techn  i      ontim    U    dju      >tl   devi    pmei    »fn      !uild  i,     1     ials    ro  lui 
and  standards.  Wh  tdo  .ru     hangi  in  th<  fund    1  11  [  to  pi  >th  !  11  t  lit   'uildingi    merits  and 

.1  m  ,•«'  -  i  a1  u  ted  I  ii    lu  1   it<     |ui     fo<     esonth    jprin  ;  :        lichcai     • '  -    uidep    ts^  hi  ! 
i  \  tin  11  n  j  n<   1  plyii  e  i     i  ifi  m  i    >n  i    <i  iti  e<     thi  -:  inrtiric       i  in     d     1     uctif     ,    ,,!i  lin , 

Each  buildin  (el    ient,comp(    :n1    rsysi  m     t  a  bed  «      ,«    >         idu  .    in    sp qu  ility 

i  jp  bilil  ' ,  H,   ivail  bilify  -   neh  tiei  i  •    01   1-1,  il  will  ,«;  i\  ith  1  nuf    tur<    1   lb  '    H      h   e  >i 
i  np  "i  ni   -  'I   ',;•  fofloi  «  i  manui    ti  r<     n  a  mm*  idal  n  n  ii,  u    ol    mat<   al  or  product  and  to  pa; 
carefulatt   rtion  to  the  building  code  requirements!    PI      n     hens    ndto   ti    ofaplann  I  building.  It  is 
the  user's  respon  biiityti  iscertaii    h<    ;([«'!,,':    >s  of  the  information  1    1    inedinthi  ha   ibookandto 
judge  its  fiti    >sforanypai  iculai  >u  »os     eel    if     p<        f\c  o\    profi  >sion     'Km  needed, 

Metric  Equivalents 

The  Intern  stionalSy     m  of  Ui  n  international     .      i       •  >    n  of  coherent  physical  unh     1  ng  tl 

meter, lit-;  secom  ipen  :elvinfan.  ndel  sth  ["  unh  oflengtl  na  time, el  ■  •<  current, 
t  ip  ,  itui  idh  •  ii  iou  intensity  icquainttl  -  thtl  ni  nation "  ;  ;emof  Units  metric 
equival   1  •  ■  •  provi  i«  Ithrout '  ml   hisbool    (     dingtothefolli    ingci  iventions; 

•  All  who!  n  iml  1  dn|  r«  1  thesi    indi<    -    lilli      i     unles    I     ■  ilse  noted, 

•  Dimen  >ions3i    hes    idgi    it  ,  11       in  I      oth<  multiple  of  5  millimi 

9  Nominal  dimen     1    iredi      I    onvei    difoi   .  mp       ■  .1    j*      I    convei     !  1  f « 51  x  100 
even  though  its  actual  1J/2"x3J/2."  dim  isi  Id  be  converted  to  3. 

•  Note  thai     I    '  mm  =  3.547  m. 

•  In  all  other  eases,  1        r  •      it  of  measurement  is  e\ 

•  Refer  to  the  Appendix  1    mi    i<     nversionl  ictors. 
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buildings  do  not  exist  in  isolation,  They  are  conceived  to  house, 
support,  and  inspire  a  range  of  human  activities  in  response  to 
sociocuitural,  economic,  and  political  needs,  and  are  erected  in 
natur  I  in  Ibuiitenvironrm >|4  >t\  iti  on  strain  15  well  is  off* » 

opportunities  for  development.  We  should  therefore  carefully 
consider  the  contextual  forces  that  a  site  presents  in  planning 
the  design  and  construction  of  buildings. 

The  microclimate,  topoeraphy,  and  natural  habitat  of  a  site  all 
influence  design  decisions  at  a  very  early  stage  in  the  design 
process.  To  enhance  human  comfort  as  well  as  conserve  energy 
indma    rial  re  >t  m    >  .    pon  m    n  is  st  linai  <  \  ig  1 
n   pe  tstheindi  |<  n<  u    ;i  1  itie:  >f  ipl  c<    id  'j  l  •.  the  form 
and  layout  of  a  building  to  the  landscape,  and  takes  into 
account  the  path  of  the  sun,  the  rush  of  the  wind,  and  the  flow 
of  water  on  a  site. 

In  addition  to  environmental  forces,  there  exist  the  regulatory 
forces  of  zoning  <  rdinances.  Hie  -e  reejul  ition  -take  into 
k  1  unl  t '  sting  I  ind  usi  pattern:  mdf  rescrib;  the 

acceptable  uses  and  activities  for  a  site  as  well  as  limit  the 
size andf  hap  o\  th  In  i  lingn  1   -an  i  ,vn  ■<  il  maybe 

located  on  the  site. 

Justasenvironmenl  I  md  regulatory  factors  influence 
where  and  ho'    1  >eV  men  oc\  irs.th      .1  I  uction,  use, 

and  mail  1     -       f  buildi       1.  '-•  '  1  p  i<      demand  on 
tm  a  »po  tatioi    yst<  m    utiliti  .  m<  othi f'  •■  rvicei  a 
fundamen  ilqu  s  ion  w<  face  i  hoi/  «,  u  h  lev  ;iopmenta 
>iti     n  u  ■    1  withoul   weed  ig  Ik  s  «p  <  ityoi  thesi 
service  systems,  consuming  too  much  energy,  or  causing 
environmental  damage. 

•  1  1  i'l.  ration  of  tl     <  con  ex1    il  force;  on  if    md 
buildings  sign*  <vv- .1  proce  I  with  11  ab  it  dis<  issionof 
sustainability. 
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In  19(37,  the  United  Nations  World  Commission  on  Environment 
and  Development,  chaired  by  Gro  Harlem  cmundtiand,  former 
Prime  Minister  of  Norway,  issued  a  report,  Our  Common 
Future,  Among  its  findings,  the  report  defined  sustainable 
development  as  "a  form  of  development  that  meets  the  needs 
of  the  present  without  compromising  the  ability  of  future 
generations  to  meet  their  own  needs." 

Increasing  awareness  of  the  environmental  challenges 
presented  by  climate  change  and  resource  depletion  has 
pushed  sustainability  into  becoming  a  significant  issue  shaping 
how  the  building  design  industry  operates,  Sustainability 
is  necessarily  broad  in  scope,  affecting  how  we  manage 
resources  as  well  as  build  communities,  and  the  issue  calls 
for  a  holistic  approach  that  considers  the  social,  economic, 
and  environmental  impacts  of  development  and  requires  the 
full  participation  of  planners,  architects,  developers,  building 
owners,  contractors,  manufacturers,  as  well  as  governmental 
and  non-governmental  agencies, 


Principles 

•  Reduce  resource  consumption 

•  Reuse  resources 

•  Recycle  resources  for  reuse 

•  Protect  nature 

•  Eliminate  toxics 

•  Apply  life-cycle  costing 

•  Focus  on  quality 


In  seeking  to  minimize  the  negative  environmental  impact 
of  development,  sustainability  emphasizes  efficiency  and 
moderation  in  the  use  of  materials,  energy,  and  spatial 
resources,  Building  in  a  sustainable  mariner  regtiires  paying 
attention  to  the  predictable  and  comprehensive  outcomes  of 
decisions,  actions,  and  events  throughout  th/e  life  cycle  of  a 
building,  from  conception  to  the  siting,  design,  construction, 
use,  and  maintenance  of  new  buildings  as  well  as  the 
renovation  process  for  existing  buildings  and  the 
reshaping  of  communities  and  cities. 


Framework  for  Sustainable  Development 
In  1994  Task  Group  16  of  the  International 
Council  for  Research  and  Innovation  in  Building 
and  Construction  proposed  a  three-dimensional 
framework  for  sustainable  development, 
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•  Land 
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*  Water 
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Phase 

•  Planning 

-  Development 

•  Design 

8  Construction 

•  Use  &  Operation 
s  Maintenance 

•  Modification 

•  Deconstruct! 
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The  terms  "green  building"  and  "sustainable  design"  are  often 
used  interchangeably  to  describe  any  building  designed  in  an 
environmentally  sensitive  manner.  However,  sustainability 
calls  for  a  whole-systems  approach  to  development  that 
encompasses  the  notion  of  green  building  but  also  addresses 
broader  social  ethical,  and  economic  issues,  as  well  as  the 
community  context  of  buildings,  As  an  essentia!  component 
of  sustainability,  green  building  seeks  to  provide  healthy 
environments  in  a  resource-efficient  manner  using  ecologically 
based  principles. 

Green  building  is  increasingly  governed  by  standards,  such 
as  the  Leadership  in  Energy  and  Environmental  Design 
(LEED®)  Green  Building  Rating  System™,  which  provides 
a  set  of  measurable  criteria  that  promote  environmentally 
sustainable  construction,  The  rating  system  was  developed 
by  the  U.S.  Green  Building  Council  (CJSOBC)  as  a  consensus 
among  its  members — federal/state/local  agencies,  suppliers, 
architects,  engineers,  contractors,  and  building  owners — and 
is  continually  being  evaluated  and  refined  in  response  to  new 
information  and  feedback.  In  July  2003  Canada  obtained  a 
license  from  the  USGf3C  to  adapt  the  LEED  rating  system  to 
Canadian  circumstances. 


LEED® 

To  aid  designers,  builders,  and  owners  achieve  LEED 
certification  for  specific  building  types  and  phase  of  a 
building  life  cycle,  the  USGfdC  has  developed  a  number  of 
versions  of  the  LEED  rating  system: 

LEED-NC:  New  Construction  and  Major  Renovations 

LEED-Ci:  Commercial  Interiors 

LEED-C6:  Core/Shell 

LEED^Ef):  Existing  Buildings 

LEED-Homes 

LEED-ND:  Neighborhood  Developments 

LEED  for  Schools 

LEED  for  Healthcare 

LEED  for  Labs 

LEED  for  Retail 


The  LEED  rating  system  for  new  construction  addresses  six 
major  areas  of  development. 

1.  Sustainable  Sites 

deals  with  reducing  the  pollution  associated  with 
construction  activity,  selecting  sites  appropriate  for 
development,  protecting  environmentally  sensitive  areas 
and  restoring  damaged  habitats,  encouraging  alternative 
modes  of  transportation  to  reduce  the  impact  of 
automobile  use,  respecting  the  natural  water  hydrology  of  a 
site,  and  reducing  the  effects  of  heat  islands, 

2.  Water  Efficiency 

promotes  reducing  the  demand  for  potable  water  and 
the  generation  of  wastewater  by  using  water-conserving 
fixtures,  capturing  rainwater  or  recycled  graywater  for 
conveying  sewage,  and  treating  wastewater  with  on-site 

systems. 


3.  Energy  &  Atmosphere 

eriGoui  gesinci  Ffi    .1      i       1    1  build  ngs 

and1 -I  :.   '    •  ■  [uin  mdm      ,        in,  reasing 
renewable,  nonpoliuting  energy  sources  to  reduce  the 
environmental  and  economic  impacts  associated  with 
fossil  fui    net  sn      nil       3  the  en     ion    hat 

itribul         on     y    :<     1    .,i   ■  :  0  ir  li ;. 

4.  Materials  &  lesources 

seeks  to  maximize  the  use  of  locally  available,  rapidly 
renewable  and  recycled  materials,  reduce  waste  and  the 
demand  for  virgin  materials,  retain  cultural  resources,  and 
minimize  the  environmental  impacts  of  new  buildings, 


5,  Indoor  Environmental  Quality 

promote    thi  .  « .   ici    Ci  mfi     prod    ti  ,    and  veil- 
being  ol  build  1       upantsl    im  roving  i    oorair  [iiality, 

ni    1  •    lyli  f hi      ofinteri       i         cabling 
control  ( flightin     id  thermal «      fori      I    is  to;  uit 
task  needs  and  preferences,  and  minimizing  the  exposure  of 
!,«  :  >  .    ■  potet  ,    i        tictil  ites 

and  1  beam  ilpofiutan       i<        thevola  ileo  garde 
ompound      '        nta       inadhi    'esan    oal    js  an* 
u    ,     rrnaldehy    1    irisinem    (       •      Ipn  du< 

6,  Innovation  &  Design  Process 

rewards  exceeding  the  requirements  set  by  the  LEED-NC 
Green  building  Rating  System  and/or  demonstrating 
nno  ■ :  ;    •       1  Green  f3uil         itegories  not 

eeificallyaddi       -  LEED-N      ■      lauil  lin 

(sating  System, 
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3,  While  some  of  this  infrared 
radiation  passe:  through  the 
itrno:  phen    .-a.'  is  a!  orb  i 
and  re-emitted  in  all  directions 
by  greenhouse  gas  molecules 
and  water  vapor  in  the 
itrrit    »hi  * 


\     (  yX  2.  The  absorbed 

\     \         //  energy  is  then 

\      \     //  emitted  from  the 

\     V/_  "  (  irth'i  mrfaceas 

^^""\     /^~;>>  longwave  infrared 

^^^Z  \    ^f  radiation, 

'1.  Some  of  thi    i    mingsolat    idiation    reflected  by  the 

earth  md  thi  i1  n<  >|  h  r<  bu1  m<  .    ■'  I    radi  itionis 
absorbed ai  i     rm   thi    arth'ssurfa      nd atmosphere. 


■  «     fan  el    s  •   il  dm  ni  ig 

Gn  snhouse  gases,  such  as  carbon  dioxid    meth  me,  m  !  nitrom 
(  ide.an  «  mi  don:    h  i1  ri  ■  if  to  h    itm(   phei  r(  0  accounl  - 
forthelarg*  i   hareofU.S  jreenhouse  gas  emission    Fossil  fuel 
,,   ;  istioni:  the  n  sin  >our  eof(  )  em     om 


4. 1  In  d<    w  ■  >  i'  ' 
this  infrared  radiation  is 
the  "greenhouse  effect," 
raising  the  temperature  of 
theiowet  atmosphi  reand 
theeartl  •  surf  ic< 


Architecture  2030  is  an  environmental  advocacy  group  whose 
mission  is  "to  provide  information  and  innovative  solutions 
in  the  fields  of  architecture  and  planning,  in  an  effort  to 
address  global  climat   eh   igi       >  founder,  New  Mexico 
,  r<  hiteel  i  d    rdM  izria,  point;    odal   fi  »m  thell  -    nergy 
nform  I  onA  In  ii  ti  i1  mtbatindi    I  s  »i  ib  a  f    it 
responsible  fot  1 1  most  half  I.  total  U.S.  energy  consumption 
and  green  i  use    i  (GHG)emi    ion:    tin    !     jlol  illy.Mazria 
believes  the  percf  i1  m<  is  even  greater. 

/h  i1  i      t  vai  I  bo  w    iscussionol   i  -!  lin  ibb  i.  n'gi  r 
that  most  of  thi  building  >ecto    en  rgy  consumption  is  not 
attributable  to  the  pt  edi  e  on  of  mat  i  ilsot  the  process 
of  construction,  but  rather  to  operational  processes — the 
h     ing  cooling  a  llightin  oi  uildii       his  means  that  to 
re  lucethe*  n<  rgy    >n  in  pi  <  n  nd  ^u'  •  mi    ion  ><•  n    tted 
by  them,  an  Imam  nance  <  i  I  uil  lings  )  ei   heii  lift    p;  n 
it  is  necessary  to  properly  design,  site,  and  shape  buildings 
andincoty    tei   I  ral  heating,*  lolin ;  v  n  ilation,and 

>  /lightin  *  >U  rl 

fh<  203(  'I  Hi  ng<  i:   u   !  s  ' !  hitei  un       )Ocall  >foi 
all  new  bin.  ling;  mddevel  ipmentstt  's<  de  signed  to  use 
I  ill  i     fossilfuel    ei  j  the     mil  I  api    I  'con  um<    ind 
thatai   '•  i  I  in  ounl  of*  i  •  ingbi  iiding  ireabi   <  novated 
innu  illy1  »meet  i  .imil  ir  at  man  I, At  hite<  tui    !0  >0 is 
further  advocating  th  •'   '    ;      I  fuel     luctioi       n '  •  Ib 
increased  from  to  60%  in  2010. 70%  in  2015, 30%  in  2020,  and 
)  ta''    !!    i « !  ■  ,,  i     030,  all  new  I  uil  ingsl    <  irbon 
neutral  (u  ingn  ><>■  «j  fuelGhb     mi  ting  nergyto  build  and 
operate). 

There  are  two  approaches  to  reducing  a  buildings  consumption 
ofGHG-emittii    fossil  fuels   hepassiw  ipproachistowork 
vith  thi    Iim< I   i  id<  i  s  ling  >    u  |  andort  ntin  ;  buil  1  ng 
and  employ  pas  ivi  coi  ing  and  h  i1  rig  echnig       ;o  reduce 
its  overall    i  i    rrequi  i   lent  -  fh<  i<  iw  i|  proachisto 
i<  n  is;  th    'I  ill  \j   \  i  mil  ling  toi  ij  tun  i   gene  \U  ts(  m 
em  ,,  fn  m  .  rt  r  ii  I.    on  a    (:  -I  i  i  ind  ge<  dermal  low- 
i>  'j  c    h\  li    bi  )in   -s  in  jS(     is)  th     \rt  iv  lil  bleb    \ 
a!  I  s  il  '.i  lam ,  Wh  <    bribing  nappropriat     osl  jffe  tiv 
balance  between  energy  con  erval  oi  and  jenerating  renewable 
energy  is  he  goal  minii  u  ing  m  rgyus^  is  a  necessary  first 
step,  irrespective  ohm  fact  that   hi   i  mgy  may  come  from 
i  n   /a  'I    «  >  >un  ei 


Site  in  ily  isi     h  i  roc      of  stud     ■  i  i 
context"  il  fon     I   r!   ifli  n    hi  v  we  might 
- ...   ■  buildi  i. ,L  ,  »u    ndi  rient it:    p 

,i ;  .    n  I  rti  il  its  ■   •  :ni "  sun  a  d    .    bl 
itsrel  tioi    lip       iel  n<   cap       ,    i    survey 
-  iin  ■     hthe<     i1  '      I    rysical  sited    t 


Drawth  area  and  sh         thesiti  is<   fine      il    <  ,    boundaries, 
Indi<   '   i    mil  ;d  setbacks,  existing  easements,  and  rights 
Estimate  thi     t    mdvolui     required       he  building  program,  >ste 
n  nitii  •  i  idful  in      ?an    n,H   i  •]•(• , 

\m\  at  thi  gi  i  nd  lo| ,  ■    i     ub  oil c     ,'  '\o  i  •    >io    U  theareas 

i  h  ibl<  or  con    ructi     mdoul  •'■  01   i    itiei 
Identify  stei  p    id  mi     'ate  slopes  tl  il  m  > '.       uitablefor 
development 
lot  U  ><  il  in  ■   >ui    bl<  foi  u  ii  is  \dn  in  g  ft ! !  ifapplii  ; ; 

ap  existing  draina!       1      is,  (LEEPSSi      i       mormwatei 
Design) 

i  lineth    Ie<     onoi  i       itertabl 
\t  ?  am  is         ibjectti      -  •  s   unoffo   >uri    -  m    -  fii  o<  ing 
or  erosion. 

Locate  exists  i.  ■•    ,  id  native  p  nt  material  that  should  be 

preserved. 

Chart  existim  watei        >  f>    ich    >we1  ands.streams, 
'atershed    fb  I  pi  iin  >  •     horelin    that  should  b<  prol     , 
(Li  1  DSi  (  a  ;'"' :'  iti  Pev     >m  i1     o1    tori     ton  H  il  t,  , ) 

Map i  iim  il  c  conditions  the p  tho  thi  sun  th  dii    tionol 

pn  -  ilingwii  I    im  thi  exp     sdam  un1  >  i  irrl  II 

'    isidei   heimpad    fla   Ifon    ,    ladjacenl     rud  i   ^on solar 

\cc<      pre^  tilings  ind    aid  he]  '1  ntiall  «  |lai 

1  val  I,  i   solai    a:  ition      ijjo  snti  i!  ru  %  so  i  & 


•  ,  rminepo;  sibl  |     its  of  act       fron     <    <   . ,  !   i  -    ndp    li 
transit  stop    (LEEDSS  i  di1     AH  rn  itiv      im  portation) 

Mid':  |"  ■  rblc  ( ii  ul  tionpath  foi  pe<  es1  sans  a  if  cent  li    I  om 
thesi    (    ;  s p<  n1    I    mi  ling    itr,  nci 
Ascertain  th<  a  ill  bilil  io\  utilities;  m       sains    mitaryand 
storm  sew  :i  ;    i  Iin  >,  electrical  power  Iin      ,  L  pi  u  ai  !    I  l< 
lines,  and  fire  hydrants. 

D   i  rn  i'1    i    es  >     oth  i  munii  ipalsi     .  ■  ■    m<  h  *■  p  >li(    in<  c . 
protection. 

d  n  ifyth  ;scopi  oi  lesirableview      well  as  ob    tlon  ibl 

it<  pi  I  ntial  oui      ,     >n  ,.  I  >i  »i  Ino 
Evaluate  th  compatibilh   o   idjat    i1  md  proposed  land  uses, 
Mapcuftui  i 'Is;    tori  ill    -  hat   h  ildb  preserved, 

Consider  how  in.    xisting     'I      dch         i     :        i  hborhoodor 
areamirjSi  iff,   ttbei  lildim      >ig  i 

ptheproximil       public,  commercial  medical     d      eational 
■  ■,  ili       (I  EED     ■• :  di      Developm      I     sil        immi 

.   i  ctivil 
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There  are  two  broad  classes  of  soils — coarse-grained  soils  and  fine-grained  soils, 
Coarsegrained  soils  include  gravel  and  sand,  which  consist  of  relatively  large  particles 

visible  to  the  naked  eye;  finegrained  soils,  such  as  silt  and  clay,  consist  of  much 
mailer  particles   beAmerican'   ciety  for  Testing  and  laterials  (ASTM)    vi',1''^ 
Classification  System  further  divides  gravels,  sands,  sifts  and  clays  into  soil  types 
b  '4  lonph  3ii  \\  ompositic    ndchai  icteristii    5i  :tabl  beiow 

l'i    >  'iiunderl  'ingal  lilding  it    n  lyactualt  co  si    oi  .  |  rimpos  dl  iy    x  a  h 
of  which  contains  a  mix  of  soil  types,  developed  by  weathering  or  deposition.  To  depict 
this  succession  of  layers  or  strata  called  horizons,  geotechnical  engineers  draw  a  soil 
profile,,   liagramofaverti  i  >ection  of  soil  from  the  ground  surfa    to  the  underlying 
material,  using  information  collected  from  a  test  pit  or  boring. 

fto  ntegrityol    building  true  ure  depends  ultimately  on  the  stability  md  >trength 
under  loading  of  thi  >oilorrockund  riyingthefoundatioi   I"h    Gratification 
composition, an<  di    >ity     thi  -  bed  'ariati  i  inp   tick  -iz     n  thi  presenceor 
absenceo  *   undwatera     ill  critical  factoi   indet  miningtl   suitability  of  a  soil  as 
afoundatioi  material.  When  designing  anything  otherthan  isingl*  i  mily  dwelling,  it  i 
advi  ibie  to  have  a  geotechnical  engineer  undertal   a  subsurface  i  vestigation. 


A  sub  urfa  .-  nvestigation(C6IMasterFormatO;  50  00)  involves  the  malysisand 
Ungol  =oildi:  !"  j  II     «  ivation  I    i  ■  l  pit  up1    I0'(3m)d<  p  or  by  dt  ?pei 
test  boring:  inordei  to  understand  the  structure  oi  tme  so  i  bits  shea  i  resi  tanceand 
compressiv    trength.it   water  content  and  ermeabilit     md  the  expected  extent  and 
'    of  a  n  ol  i    i  >nu  ldei   >ading  Promt!  d  li  rm  iti(  i  tk  geoti  hni(  t  ngineer 
i    ibi  togaug  th  anticipated  total  and  differential  se   lemenl  mder  loading  by  a 
propose  ifoun    tion    'stem, 


Soil  Classification* 

Symbol 

Description           Presumptive 

3eoring  Capacity 

usceptibiiity 

Permeability 

psft 

kPa 

to  Frost  Action 

&  Drainage 

Gravels         Clean  gravels 

OW 

Well-graded  gravel 

wooo 

479 

None 

Excellent 

6,4-76,2  mm 

OP 

Poorly  qmded  gravel 

moo 

479 

None 

Excellent 

Gravels  w/ fines  QU 

Silty  gravel 

5000 

239 

Slight 

Poor 

GC 

Clayey  gravel 

4000 

192 

Slight 

Poor 

SmAs          Clean  sands 

SW 

Wed -graded  sand 

7500 

359 

None 

Excellent 

0,05-6,4  mm 

SP 

Poorly  graded  sand 

woo 

257 

None 

Excellent 

Sands  w/ fines 

SM 

Silty  sand 

4000 

192 

Slight 

Fair 

sc 

Clayey  sand 

4000 

192 

Medium 

Poor 

Silts            LL>50f| 

ML 

Inorganic  silt 

2000 

96 

Very  high 

Poor 

0,002-0,05  mm 

CL 

inorganic  clay 

2000 

96 

Medium 

Impervious 

&  Clays 

OL 

Organic  silt-clay 

Very  poor 

High 

Impervious 

<0,002mm    LL<50- 

MH 

Elastic  inorganic  silt 

2000 

96 

Very  high 

Poor 

CH 

Plastic  inorganic  clay 

2000 

96 

Medium 

Impervious 

OH 

Organic  clay  and  silt 

Very  poor 

Medium 

Impervious 

Highly  organic  soils 

Pt 

Peat 

Unsuitable 

Slight 

Poor 

*  Passed  on  the  ASTiv I  Unified   oil : !     if i  ition  i System 

Consul    i  geotechnical  engineer  nd  the  building  code  foi  illowabk  <  iring  capacity 

1psf  =  0,0479  kPa 

'1      iquidlimit  th  water    >nten1  expn    -or  i  percent;  ,  ofdryweight   i  which  a  soil  pa    t    fron  i  plastic  to  a  liquid  tat 


Th    !!>>•. [      \fmq  o\       I  laxii  ui  i unit  | 

oundatioi     permi      Itoimpi         l\    fly  or  1 

laterally  on  the  soil  ma:     n       i       -    01  q  . ..    i  ileal 
inve  tii  itii  1    11    (  t    ,    ildii  \    d   .1 1       rn  ii  1  1. 
use  of  con     <  t'weloa,  b    in§  •  iEui    '         sus  soil 
clas  ifi   itions.  While  high-beai  1  ■    1        sent 

roblernsj     bearing-capacity     Is  rn  ii     he 

use  of  a  cert,  intypi  o1      notation  and  i<  ddi  i   il  utioi 
I  ittern,  11  I  iltii  lal    •  th    orn    i  I1,-;,  u  0   1  building  | 

Density  is  a  cri  i    I  fa     rindet    lining  tl  ;  bearing 

capacity  0  .    inul  1  ml    fheSl    dardPenel   itioi  test 

me    jur  sth  den  1  y  H  q    nufa  •  oil;  an.    V  1  on  >isl  rn 

of  some  cl  iy:  i1   h<  bo    on  of   borehole  recording  $ 

the  numb;  i    fbloi  >  equis  d  by   '    nut    to  dvance 

a  standard  '  il  i  rri|    r,  Ii     »m<     s<    compai  Licit  by 

mean!   >fr< Hi  ■  1  I  mpi  \%,  or  soaking  to  ai      'eop  imum 

moi  tun  1  <  titer  I  can  ;  1  ;reasetl   ,!.  nsil  /  )fa  soil  bed,  | 

Coarse-grained  soils  have,  relatii  Iy  low  pen    itageof  | 

old sj        andai    no  -  •  ourid  >:     n  iti  rial  I 

than  silt  or  clay.  Clay  soil      particular,  t     mo  be 
unstable  because  they  shrin  II  on  id  1  ably  with 

bai  es  i  moi:  ■'«,  c<  n1  nl  Ui   -  it        •  may  render 
a  site  un!  uil<   H.   v.  6anelab(  a1  lyen  jin  eredand 
exf  n  ive  on  \d  lion     item  i  j  it  in  place. 

fto  >h    ri  \q  tn  igthofasoi!  >am  asi  i  ;oi  i1    ,  ilityt 
resist  displ     n  ntwh  1  an  c  tei    1 1  fori    i    pplied.due 
iarej  I       tl    comb  ii  let!  atsofi  )he  don  an ;"  tern  il 
friction  On  sloping  sit        wel       luring  the  exc  vation 

ofafla    ih    unconfii       oil!       he p<    mtial    >,  ■  •  >  /  '  Compact  day 

laterally.  Cok  ,i     oil     uch     *   iy       lintheirsti     jth  /      ^"*^"'"''''  ...■■—-"  Dry  sand 

-  lei  un   'nfined    1  ,  ml  1   «i;     >uc  1  •    «  iw  hsand  ,  '  1  i  j<  •  ;i>,  aid  sand  mix 

orsona   nits,  require   confining  fori    fortheii   hear  •  " "  ""    -"-"" ~ " "  Saturated  clay 

n  ■!  i  ma  mdh  e    relative!    hall     angle  of  n  pose,  ^P 

Thewati  rtal    •    he  I     Ibeneat     !  1.  I  the  soil 
I.  »atui  iti  ( with  groundv  I  1    >  me  building  sites 
n    ubjecttos     onali  u<  i  !    ii   :    "the I  :ve!oi  ■   ■ 

jrou  dwatei  An    jroun        r  present  must  I     rain 
yfromafoundatii        i    it       dredi  in(|  the 
bearing  ea     sea,    oil  and      iinirnizethepo    ibility 
ofwal     i    !  ;<    : ,      basemenl      arse-graino     \\  ■  ire 

re  pern      le  and  drain  betl      ha    ine-gi    ;    :  oil  , 
ndarel      susceptible  to  frost  action 


/ 
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i  of  Repose 

for  Bare 

Embonkrne  e 

J  0     '%-'i'*  f  \  kf 


F<  pographry  ref<  i    u  th  confi  i  i  rtionoi   urfa<    fe;  tures 
of  a  plot  of  land,  which  influences  where  and  how  to  build  and 
develop  i site  to:  Ld\  th  r  .poi  (  oi     -uilding  di  ?ign to 
thetopogi  iphyofa  >\te,m  ,  inu  e,    eries  of  site  sections  or 
a  site  plan  with  contour  lines. 


III 

1 

'11 "" 



\ 

t 

'    oi  tour  lines  an  im  igin  iryline  joii  ing  point  >o1  e  \u ) 

elevation  above  a  datum  or  bench  mark,  The  trajectory  of  each 
t  'ii  i  ii  Dm  ndicatef  tl     ha  n  o  th  I;  ('l  forn  itioi  a1  th  11 
elevation.  Note  that  contour  line  >arealway  continuousand 
never  cross  one  another:  they  coincide  in  a  plan  view  only  when 
they  cut  across  a  vertical  surface, 

-  Contour  interval  refers  to  the  difference  in  elevation 
represented  by  any  two  adjacent  contour  lines  on  a 
t  p  mi  j|  hk  m   '  i   'i   pi  i    hi  inti  '\  ilusi  lis  letermined 
bythescak  oi  sw  i  wing,  the  a'zt  ol  thi    itt  and  the  nature  of 
the  topography.  The  larger  the  area  and  the  steeper  the  slopes, 
th;  jreater  h  ii  U  v  Ibetwei  n  <  ii  >un  *  o\ !  irgeoi  •,'.  ply 
sloping  sites,  20' or40' (5  or  10  mjcontoui  inten  il:  maybe 
used.  lori  rail  >ite:  h  vingrelativ  lygi  idualslop  -  \\2[  or 5' 
(0.5 or  1.(0) )(  mtoui   m  lyk  i  «  Jssary, 


We  can  >l . ,    iti    i  ipogi  sphicalna  ur<  a  i  >fl    w  r  i  lini 
the  horizontal  pacing  and  shape  o\  con  -our  lines, 

—  Contours  spaced  far  ipart  ii  dr  i  e  in  I  itiv<  iyflat 
or  gently  sloping  surface. 

^  Equally  spac<  ]  onti  irsd  noti  o  >i  >!  nt  slope. 

—  Closely  paced  contoi  rs  lis  lo  <  irel  tively  steep 
rise  in  elevation. 

*  Conti  in  In*    rep    »en1  a      t  wh  up  )ii  ii  gti  aoh  i 
loi »   1 1    stion    Ti<  i    pn  >enta    illey  ./!>.  i  h  nting 
toward  I  ighereleva  ;io  >  > 


Slope  (%)  =  [elevation  gain  (v)/  horizontal  distance  (h)]  x  100 

The  greu,i,  i  .lope  bel  ween  any  two  contour  lines  is  a  function 
oi  hi  •( ,  i.'h'n, ,  in  h'j,i,»"  md  h<  horizi  n1  ildi  I  nc< 

between  the  two  contours. 


Ground  slopes  over  25%  ire  -ubjectto  erosion  and 

are  difficult  to  build  on, 

Ground  slopes  over  10%  are  chalh  ngingtousefor 

out  !.-i  r  K  tiviti   -  rid  remor  expei  weti   >  u'ldo 

Ground  slopes  from  51  to  10%  are  suitable  for 

inform  il  >utd  oi  i<  tiviti  '  ind    mb<  buiH  <  n .,  th<  ul 

too  much  difficulty. 

Ground  slopes  up  to  bl    ei    tbleform  it  outdoor 

activities  and  relatively  easy  to  buiid  on. 


For  aesthetic  and  economic,  as  well  as  ecological  reasons,  the  general 
intent  in  developing  a  site  should  be  to  minimize  the  disturbance  of 
existing  landforms  and  features  while  taking  advantage  of  natural 
ground  slopes  and  the  microclimate  of  the  site. 

•  Site  development  and  construction  should  minimize  disrupting  the 
natural  drainage  patterns  of  the  site  and  adjacent  properties. 

•  When  modifying  landforms,  include  provisions  for  the  drainage 
of  surface  water  and  groundwater.  •.——-" 

•  Attempt  to  equalize  the  amount  of  cut  and  fill  required 

for  construction  of  a  foundation  and  site  development,     * 

•  Avoid  building  on  steep  slopes  subject  to  erosion  or  slides. 

•  Wetlands  and  other  wildlife  habitats  may  require  protection 
and  limit  the  buildable  area  of  a  site, 

s  Pay  particular  attention  to  building  restrictions  on  sites 
located  in  or  near  a  flood  plain. 


.EED  55  Cr,edlt'#f9tormwater  Design 


LEED  65  Credit  5;  Protect  or  Restore  Habitat 


Elevating  a  structure  on  poles  or  piers  minimizes 
disturbance  of  the  natural  terrain  and  existing  vegetation,    - 
Terracing  or  stepping  a  structure  along  a  slope  requires 
excavation  and  the  use  of  retaining  walls  or  bench  terracing, 
Cutting  a  structure  into  a  slope  or  locating  it  partially 
underground  moderates  temperature  extremes  and  minimizes 
exposure  to  wind,  and  heat  loss  in  cold  climates.       ^„__ 


Warm  air  rises.  _^ 
Heavier  cool  air  settles*- 
into  low-lying  areas. 


The  temperature  in  the  atmosphere 
decreases  with  altitude' — approximately  1°F 
(0.56°C)  for  every  400'  (122  m)  in  elevation  v. 


The  microclimate  of  a  site  is  influenced  by  the  ground 
elevation,  the  nature  and  orientation  of  landforms,  and  the 
presence  of  bodies  of  water. 

-  Solar  radiation  warms  southern  slopes,  creating  a 
temperate  zone. 

-  Daytime  breezes,  which  replace  updrafts  of  warm  air 
over  land,  can  have  a  cooling  effect  of  up  to  10°F  (5.6T), 

-  Grass  and  other  ground  covers  tend  to  lower 
ground  temperatures  by  absorbing  solar  radiation  and 
encouraging  cooling  by  evaporation. 

"  Hard  surfaces  tend  to  elevate  ground  temperatures. 
'  Light-colored  surfaces  reflect  solar  radiation;  dark 
surfaces  absorb  and  retain  the  radiation. 


Large  bodies  of  water; 

•  Act  as  heat  reservoirs  and  moderate  variations  in  local 
temperature; 

•  Are  generally  cooler  than  land  during  the  day  and  warmer  at  night, 
generating  offshore  breezes; 

•  Are  generally  warmer  than  land  in  winter  and  cooler  in  summer. 

s  In  hot-dry  climates,  even  small  bodies  of  water  are  desirable,  both 
psychologically  and  physically,  for  their  evaporative  cooling  effect. 


CSI  MasterFormat 
Isl  MoSiBfrOffflCit 
CSI  MasterFormat 

31  10  00:  Site  Clearing 

31  20  00:  Earth  Moving 

32  70  00:  Wetlands 

f\  III  Pi;   :    3?\t 


i 


, !  ntrnal  ,i    '  >j  .  I  ■    ..  ••'  el        nctionall 

co      ving  energy,  framing  in  ni  i 
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"ees  affect  the  immediate 


Providing  Shade 

The  amount  of  solar  radiation  obstructed  or  filtered 

by  a  tree  depends  on  its: 

•  Orientation  to  the  sun 

•  Proximity  to  a  building  or  outdoor  space 

•  Shape,  spread,  and  height 

•  Density  of  foliage  and  branch  structure 


-  Trees  shade  a  building  or  outdoor  space  most  effectively  from 
the  southeast  during  the  morning  and  the  southwest  during  the 
late  afternoon  when  the  sun  has  a  low  altitude  and  casts  long 
shadows. 

4  South-facing  overhangs  provide  more  efficient  shading  during 
the  midday  period  when  the  sun  is  high  and  casts  short  shadows, 

5  Deciduous  trees  provide  shade  and  glare  protection  during  the 
summer  and  allow  solar  radiation  to  penetrate  through  their 
branch  structures  during  the  winter, 

•  Evergreens  provide  shade  throughout  the  year  and  help  reduce 
snow  glare  during  the  winter, 


Serving  os  Windbreak 

•  Evergreens  can  form  effective  windbreaks  and  reduce 
heal  loss  from  a  building  during  the  winter, 

•  The  foliage  of  plant  materials  reduces  wind-blown  dust, 

•  See  also  1.24, 

Defining  Space 

•  Trees  can  shape  outdoor  spaces  for  activity  and  movement. 

Directing  or  Screening  Views 

•  Trees  can  frame  desirable  views. 

•  Trees  can  screen  undesirable  views  and  provide  privacy  for 
outdoor  spaces. 

Attenuating  Sound 

•  A  combination  of  deciduous  and  evergreen  trees  is  most  effective 
in  intercepting  and  attenuating  airborne  sound,  especially  when 
combined  with  earth  mounds, 


Improving  Air  Quality 

•  Trees  trap  particulate  matter  on  their  leaves,  which  is  then 
washed  to  the  ground  during  rainfall, 

*  leaves  can  also  assimilate  gaseous  and  other  pollutants. 

♦  Photosynthetic  process  can  metabolize  fumes  and  other  odors. 


Stabilizing  Soil 

*  The  root  structures  of  trees  aid  in  stabilizing  soil,  Increasing  the 
permeability  of  the  soil  to  water  and  air,  and  preventing  erosion, 


SOLAR  RADIATION 
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Azimuth  is  the  angle  of  horizontal 
i  /I  on  W(  i  mred  If '  wi  ><  of. 
bearing  from  a  standard  south  direction. 


Solar  Path  Diagram 


v/iriti  i     IsticefP     mber22) 


»pn  entativ     »if»«  Angles 


i-hiili  'iiiiiiiilu 

£?:!iri;M!iii!iiiv(!  Ciiy 

Altitude 

ci i  Noon 

Azimuth 
Dec.  22 

ii  Siiiiii-,!-  $  'Snism 

Dec,  22 

Mar, 

21/Sept.  22 

June  21 

45° 

Seattle 

W 

42° 

54° 

124° 

44° 

Toronto 

22° 

46° 

56s 

122° 

40° 

Denver 

26° 

SO0 

5d° 

120° 

36° 

Tulsa 

30° 

54° 

60° 

115° 

52° 

Phoenix 

34° 

5d° 

62° 

116° 

.'i  imuthi  ea  tot  outhfoi  sunris   and  west  of  >outhfi      in  h  I 


I    I  lit)    <„;  r  i    on   ie\  '  'l  foi  ,i  >,:  id  >i    i1  tii  n 
bated  bi  ildin ;  indi  !  ••    t  > lin   tic  regions    hi 
nform  1 1  ipn  senteds!    ildl   considered  along  witl 
other  con  ex1  al     Iprogi  mm.  tk  ,  ;q  in  ,  nl 

Cool  Regions 
iinimizii    th    mrfa<     re,    fabuildi    «    lu  .  • 
p    uretol  w1  :n  pi  *ati  i 

•  Maxim  (  ib  t  p  ion  <  si !       Nation 

•  i\edu<      idi  n1  i  md  .  m    indi  vapoi  itive  heafdoss, 

•  Provide    i  Iprol  ct'u 


/ 


$  "\ 


Location 
0\   nl  •  ioi 


Tempernfs  legions 
long  itin  |  the  fori  of  a  I  Hiding  long  the  east     s1 
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seasonal  basis, 

•  Encourage  air  movement  in  hot  weather;  protect 
against  wind  in  cold  weather, 
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Passive  solar  heating  refers  to  using  solar  energy  to  heat  the 
interior  spaces  of  a  building  without  relying  on  mechanical 
devices  that  require  additional  energy.  Passive  solar  systems 
rely  instead  on  the  natural  heat  transfer  processes  of 
conduction,  convection,  and  radiation  for  the  collection, 
storage,  distribution,  and  control  of  solar  energy, 

^  The  solar  constant  is  the  average  rate  at  which  radiant 
energy  from  the  sun  is  received  by  the  earth,  equal  to 
430  I3tu  per  square  foot  per  hour  (1355  W/nf'/hr),  used  in 
calculating  the  effects  of  solar  radiation  on  buildings, 


There  are  two  essential  elements  in  every  passive  solar  system; 


1,  South-facing  glass  or  transparent  plastic  for  solar 
collection 

•  Area  of  glazing  should  be  30%  to  501  of  floor  area  in  cold 
climates  and  15%  to  25%  of  floor  area  in  temperate  climates, 
depending  on  average  outdoor  winter  temperature  and 
projected  heat  loss, 

*  Glazing  material  should  be  resistant  to  the  degradation 
caused  by  the  ultraviolet  rays  of  the  sun, 

»  Double-glazing  and  insulation  are  required  to  minimize 
nighttime  heat  loss. 


2.  A  thermal  mass  for  heat  collection,  storage,  and 
distribution,  oriented  to  receive  maximum  solar  exposure 

•  Thermal  storage  materials  include  concrete,  brick,  stone, 
tile,  rammed  earth,  sand,  and  water  or  other  liquid. 
Phase-change  materials,  such  as  eutetic  salts  and  paraffins, 
are  also  feasible, 

•  Concrete;  12"  tola"  (305  to  455) 

•  Brick:  10"  to  14"  (255  to  355) 

•  Adobe;  bn  to  12"  (200  to  505) 

•  Water:  6"  (150)  or  more 

e  Dark-colored  surfaces  absorb  more  solar  radiation 
than  light-colored  surfaces. 


LEED  EA  Credit  2;  On-Site  Renewable  Energy 
LEED  EA  Credit  6  Green  Power 


*  Vents,  dampers,  movable  insulation  panels,  and  shading 
devices  can  assist  in  balancing  heat  distribution. 

Based  on  the  relationship  between  the  sun,  the  interior  space, 
and  the  heat  collection  system,  there  are  three  ways  in  which 
passive  solar  heating  can  be  accomplished:  direct  gain,  indirect 
gain,  and  isolated  gain, 
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Direct  Gain 

Direct  gain:    ?tem     illectl  a1  <  ii   ;tly  within  an 
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"is  iioi  j  .,.,.<       ni  i  iti<  n 


mai  rlooi  ir 


Indirect  Gain 
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Isolated  Gain 
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Hon  in  ilovi  rhar  r  ire  mo  t   ffect  w 
when  they  have  southern  orientations, 


Horizontal  louvers  parallel  to  a  wall 
permit  air  circulation  near  the  wall  and 
reduce  conductive  heat  gain. 
Louvers  n  a f  be  ope  rated  manually  or 
controlled  automatically  with  time  or 
photoelectric  controls  to  adapt  to  the 
solar  angle. 


Shading  devices  shield  windows  and  other  glazed  areas 
from  direct  sunlight  in  order  U  redact  glare  and  excessive 
solar  heat  gain  in  warm  weather.  Their  effectiveness 
dependson  i  ieii  form,  nd orient  rtionre!    ivetotl    >o\  it 
iltitudeandazimu  h  I  a  theti  leofday  ind  n  i  on  of 
the  year.  Exterior  devices  are  more  efficient  than  those 
located  within  interior  spaces  because  they  intercept 
solar  rays  before  they  can  reach  an  exterior  wall  or 
window. 

Illustrated  are  basic  types  of  solar  shading  devices.  Their 
form,  orientation,  materials,  and  construction  may  vary  to 
suit  specift  situ  itions.  Their  visual  qualities  of  pattern, 
texture,  and  rhythm,  and  the  shadows  they  cast,  should 
bt   on;  id  red  vto  idesi  jning  the  1  icad(  \o\  \  building 
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i 


\ 
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of  the  radiation  reaching  its  surface. 
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Louvers  may  be  operated  manually  or  controlled 
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to  adapt  to  solar  angle, 
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Dm  thi  4 1  und  ;  idotl  •    ji    und  ig     ri    e; 

-  Direct  sunlight 

-  5kyligh1  a  (fo  eda  u  liffu      bj .  ii  molecules 

-*  I  xtern .  i    l<  ct,  m    fr  >n    !   groun  and  djacerrtsl  u<  la  i 
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a  space, 


daylighting,  allow  daylight 
to  penes-    -      met  from 

at  least  two  directions, 
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The  amount  of  annual  indsi  isona  precipitation   <pectedfor 
a  building    ti    hoi  l<  influi  n  .  ;  k  d    ignan  con:  na  tion 
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Cisterns  for  collecting 

! 

rainwater  may  serve  as  a 

primary  or  backup  supply 

of  water;  rooftop  cisterns 

canimposi  tbovi  normal 

gravity  load  -  on  the  roof 

structure. 

!  La  ;  "n   require  either  intei  o\  n  oi  drai  isoi  >i  uppi  n 
along  theii  |  i  n  ter  for  drainage. 
In  cold  dim  i1    ,.  flal  i  >i  s  ire  ubjei  I  ti  heavy  now  oadi 
The  layer  of  snow  may  -rm    id   tional  insulation. 


*  Mod  i  ■  ■    i    lied    • I  .    -     ted     nbul  may 
rel  lin  m<  i 

/  Overh  mgs  protect  th      tenon  all?  i  i    :  uildi  i , 
from  tih-  w  athering  effe<  I  '  of:  un  and  rain. 


See  Chapter  6  for  constructing  roof  systems 
See  Chapter  7  for  roofing  a     mblies  ,. 


Steeply  pi'  he;  rooi  I  h  linw  t  ,  ,■  ;kly  If  the 
angle  of  the  lop<  isgi  iter  thai  0'  the  roof  may 
ilsota  ibl<  s  sloi  gh  TI   now 


■  ittei  ian  I  down  poul    i  id  o  a  storm  eweroi   o 
i-,  tural  outfall  on  tl     i 


Development  of  a  site  can  disrupt  the  existing  drainage  pattern  and 
create  additional  water  flow  from  constructed  roof  areas  and  paved 
surfaces,  Limiting  disruption  of  a  site  s  natural  water  hydroxy 
and  promoting  infiltration  by  such  means  as  pervious  paving  and 
vegetated  roofs  is  advisable,  Bite  drainage  is  necessary  to  prevent 
erosion  and  the  collection  of  excess  surface  water  or  groundwater 
resulting  from  new  construction. 

There  are  two  basic  types  of  site  drainage;  subsurface  and  surface 
stems,  Su  ain        insists  of  an  und   ground 

network  of  piping  for  conveying  groundwater  to  a  point  of  disposal, 
as  a  storm  sewer  system  w  a  natural  outfall  at  a  lower  elevation 
on  the  site,  I 

capacity  of  a  foundation  soil  and  increase  the  hydrostatic  pressure 
on  a  building  foundation,  Waterproofing  is  required  for  basement 
structures  situated  close  to  or  below  the  water  table  of  a  site. 

Surface  Irainageretf     i  !        i     urfaclngofa 

iti  in  ,  I  i         ;        irf        itei  into 

natural  drainage  patterns  or  a  municipal  storm  sewer  system,  A 
holding  pond  may  be  necessary  when  the  amount  of  surface  runoff 
exceeds  the  capacity  of  the  storm  sewer  system. 


A  curtain  or  intercepting  drain  may  be  placed 
between  a  sou  rce  of  g  rou  nd water  a  nd  the  a  ma 
to  be  protected. 

One  type  of  curtain  drain  is  a  French  drain,  which 
consists  of  a  trench  filled  to  ground  level  with 
loose  stories  or  rock  fragments. 


i     !  ;  id. ,-  hon    be  ilopi     o  rai    urfaw 
sites    ■     :  uil  ling  i ',   ninimum;  2% 

minimun  forimpervio! 

Groundwater  consists  largely  of  surface  water 
h  .         hrough  porous  soil 


01    lationd     i      tern;  vee5d4. 


rfi  .  Droii  ig  i   !i  [  ei 

I  e  Grasi     wn  .and field    1  5% to  10% 
|     recommended 

II  a  Paw    parking  as     .   ItoSlreeoi    tended 

j  l  wab     n       How  depression   fori  led  by  the 
ntei  section  oi  t\  o  \  oundslop  s  lesigned 
to  direct  or  dm-  rt1        noffol  ju  fact  water, 
".     bated    'i       in  increase  ii  filti  itt  i 

•  Gra  >     val     1.5%  ti     ,  ea  mirii  ck 

•  Paved sw  !  s  A  u  ■..<  recommended 
x  Arc  i  drain:    oiled   ml      water  from  a 

i  ,'  i  n-  itfl  >o  '•  paved  i  ea, 

•  Dry  well    redraii     epi    lin      nth  gravel 

■ubl  letoreceiv    '-:  ici  i  ite   md    r  ; 
ittoperw  la      way  to  a  esorbent  earth 
underground, 


-•Catch       n       receptai       m  the  runoff  o\ 
surface  watei    h<  ;>> ,      b    im   sump  that 
retai  ish<  i  >    ?dimi  n  '    ore  it  i  in  pass  into 
anundergro  indd      ,  , 

~*  Culveri  insorchan     »    issingui  det 

a  road  or  walkway, 

—  .  itchrni  it  an        n  be  designs*      looklil 
Pi  cation      wi       nd     ■ 
•  Concrrn      :   ,  -!  i  mgineered, 

i.    d    ndc<  nstruci      o  utilizers  ;i  ral 
j  esirctreai  ■,■  v  51  water  and 

improving  water  quality. 


CSi  i     i  l    #  ends 

CS!  "        ^  ■  ,     '     - .     .     >rm  Drainag    '  i!  - 


22     WIND 


High  inlets  direct  air  flow  upward, 
resulting  in  a  loss  of  cooling  effect 


High  pressure 


Low  inlets  direct  air 
flow  at  occupants. 


1  r 


Roof  overhangs  increase 
incoming  flow  of  air, 


I 


Slots  in  overhangs  equalize 
external  pressure. 


Outlets  should  be  as  large 
or  larger  than  inlets  for 
maximum  airflow, 
The  position  of  an  outlet  has 
little  effect  on  the  air  flow 
pattern  but  should  allow 
rising  warm  air  to  escape. 

Low  pressure 


Overhangs  over  openings  direct  flow 
upward  which  may  be  undesirable  for  cooling. 


Interior  partitions  and 
furnishings  may  adversely 
alter  air  flow  patterns. 


Louvers  can  beneficially 
redirect  and  diffuse  air  flow, 


The  direction  and  velocity  of  prevailing  winds  are  important 
site  considerations  in  all  climatic  regions,  The  seasonal  and 
daily  variations  in  wind  should  be  carefully  considered  in 
evaluating  its  potential  for  ventilating  interior  spaces  and 
outdoor  courtyards  in  warm  weather,  causing  heat  loss 
in  cold  weather,  and  imposing  lateral  loads  on  a  building 
structure. 

Wind-induced  ventilation  of  interior  spaces  aids  in  the 
air  exchange  necessary  for  health  and  odor  removal.  In  hot 
weather,  and  especially  in  humid  climates,  ventilation  is 
beneficial  for  convective  or  evaporative  cooling.  Natural 
ventilation  also  reduces  the  energy  required  by  mechanical 
fans  and  equipment. 
(LEED  EQ Credit  2;  increased  Ventilation) 

The  movement  of  air  through  a  building  is  generated  by 
differences  in  air  pressure  as  well  as  temperature.  The 
resulting  patterns  of  air  flow  are  affected  more  by  building 
geometry  and  orientation  than  by  air  speed. 

The  ventilation  of  concealed  roof  and  crawl  spaces  is  required 
to  remove  moisture  and  control  condensation,  In  hot  weather, 
attic  ventilation  can  also  reduce  overhead  radiant  heat  gain. 


•  Pressure  eddy 

J 
i 

turn 

•  Windward  shadow 

See  7.47  for  the 
ventilation  of 
concealed  spaces, 


Turbulent  wake^~\^ 
H  =  height  of  windbreak 
Suction  eddy 


^Si 


Oto15H 

reward  wind  shadow 


-*j 


In  cold  climates,  a  building  should  be  buffered  against  chilling 
winds  to  reduce  infiltration  into  interior  spaces  and  lower 
heat  loss.  A  windbreak  may  be  in  the  form  of  an  earth  berm, 
a  garden  wall,  or  a  dense  stand  of  trees,  Windbreaks  reduce 
wind  velocity  and  produce  an  area  of  relative  calm  on  their 
leeward  side.  The  extent  of  this  wind  shadow  depends  on  the 
height,  depth,  and  density  of  the  windbreak,  its  orientation  to 
the  wind,  and  the  wind  velocity. 


A  partially  penetrable  windscreen  creates  less  pressure 
differential,  resulting  in  a  large  wind  shadow  on  the  leeward 
side  of  the  screen, 


JL 


The  structure,  components,  and  cladding  of  a  building  must 
be  anchored  to  resist  wind-induced  overturning,  uplift,  and 
sliding,  Wind  exerts  positive  pressure  on  the  windward 
surfaces  of  a  building  and  on  windward  roof  surfaces  having 
a  slope  greater  than  30°.  Wind  exerts  negative  pressure  or 
suction  on  the  sides  and  leeward  surfaces  and  normal  to 
windward  roof  surfaces  having  a  slope  less  than  50°.  See 
2.09  for  more  information  on  wind  forces, 


(at  roof 


Roof  slopes  up  to  7:12 


Roof  slopes  greater  than  7:12 


Sound r<  qui         ou\       i        tie  Undesirable*  terior 
wise  may  be  caused  by  \  hici  la  r  traffic,  a  in    ifl 

■i.  -   I       lach    i    fhi    oui  den  rgy  they  general     i 
through  the  air  outward  from  tl       trceinall  lire;  tioi    in 

continuous!  ingwave.Th     ou  id  en*  i  iy  h(  ..  '  i 

lessons iiii    i    .ityasitdispei        \     iwi  bare    Fo reduce 
the  impad  ofexterioi  noi     therel    <  thi  fii     ■  w  idi    itit  i 
should  be  i  ,  n<     -l<     ting   I  ildirii    sfai     a  the  noise 
source  a-,    s  >ibl<  When  thi  o<  i    >noi  lirm  n  ,  n  >oi  isite 
do  not  m  ike  thi    •■•  sibb  then  tl    in    rioi   pad     *  a  building 
naybi    .1    nedl  om  thi  noi        -   i  in  k  ft iloi  irioj  <j: 


Us!  building    n     whi     noise  can  be  tolerated  01  e;  rrif 
Hi  ( hanif  il,  m  a      u  utilil     '    •    i  a  buffei 
.  mj '  iybuil  in  [n  iterial    nd  ;on    ruction  as  em!  !i 
designed  U  i  dm  ?the1   ii  smi  siono   lirborneand 

,'!.!«        >    L  '(      id 

Orii  n1  d<       dwirii  wo|    in  ■  <>%■><   ,  '. 
undesirable  noise. 

I  la<  -phy:     '  r    •    ui     -    ,  liberals,  bi    /e<  n  da  noise 
sourceand  the  I  uilding 

I  il  i   ien  -  pi  nti  gsoftn  I  shrub:     hi  hi  i  b< 
i  ffecti  eind  Pfu  ii  |oi   <  it1  an.  m  mi 

f  i  nteji  ,    oi  oth  i  ground  ov  whi  I  « - rnor<    b  -<,  iv< 

ii ,!i  ih*   m.'  f  fli   th  ;  ui  - '  •"  |   ven   i 


An  import  nl  *  fed      iti  plai  i  igi  ori  i1  ngtheti    rioi 
>pa    s  -       ilding  i  i  :k   men  tie;    id  I   itui 
site.  Given  hi    p\  wp  iatei  ientati  »n  i  ndov  <  peni  igsin 
do.,  spa<    »  »hou  ii-1  po  n'tii  n  dnol  <  it,  t<  sati  rfj  th 
requirenie  i   .  fornatu  illig  i    mdventila    m  bu1  also  to 
reveal  ant  fi  im<    •  irablevii  w;  Depending  on  the  locatii  noi 
hi  si  (  thi     vi  w  m    I     l<      a1  distant  in  natun  Even 
when  dc  ii  j  j!i  viei     11      am      it,  a  pi      ml  wtlt     (  « 
-  fte  tbei      ■    I  a',i  labi  ildin ;  ii1   thi  >i  (hi     i »  iping 

,  vin  Ii     nayb<    -   ted   ithii  iv  I'm    i  urtib     s    n  y 
".  vs>' :  igo  thi  n,  -'.»    '  i    i  :    indthei    m1  is  I    mod 
in  the  wall  i  onstn   tion  tii  irrij  o\   ml  ,'  noti  thai    i    i2 

i   !i.','  ition     windows  ate     I    t  the  spatial  /.  iil     n< 
skylighting     iroom,andt!    potential  foi  hi  ,,  •  s  >i  gai 


LEE!  E(  i  i   ,  5; Daylights  Views 


V 


Expansive  view 


i  estrii ;  .as,'. 


*     i 


South-fat  ; ,     idows  can  be  efl 

taded  whi    idmitting      I  m 
'•  th  I  .  ;oe  - 1   '  '    ''•',•• 

,     i  •  ,i  sin    •      .,   t 
Ea  .i    md  /est-faci      indow: 
of  i    rheat  ng  ,.   n   difl     i  t<    I  id<  effecti    I 
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Pe   ,"ii  I'j  ',:  illi  -  ibli  lot '  ver,  g<     ((    P)  /(Axf  1 

Percentage  ol   llowable  total  floor  at  a     [((  xP)  +  (ExF)  +  ((3xH)j/(Axi3) 


T 


Percentag  o   \\\o\    blewii   ,  >r depth  =  C/A or D/S 


Kequm d     •,  bsidi    earsetb 
mil '  bl    rea 


Zoning  ordin  in  ,  -  re  enacted  within  i  municipality  or 
land  use  listrict  ;  >  v  nag   jrowth,  egul  ti  land  use 
■in  ft<  control bi  il    m  lensity  dit  i     >  /elo)  i"0 
to  areas  with  \de     <       rvi         dani(  niti<  s  protect 
environment  lly  s<    >itive  !>  .  *  md  cons  m  o\  ,    pact 

'  i  r,  ,'v*  i  h  buil  1  no  « s      >  >ning  >r<  in  in<  -  will  egu  ite 
both  the  I  /pes  ol  i<  tivity  -Sat  may  occur  on  it  and  the 
location  and  bulk  of  the  building  or  buildings  constructed 
tohou     >ucha    t  ii'  •     \speci  il  type o  zo  in  (i  rdtn  inc< 

th<  i  i  mnedl  ni  Pe<  ■«  pm<  i     mich  allow    H  arly 
large  tract  of  land  to  be  dt  /eloped  is  »  -nob  entity  for 
added  flexibility  in  the  placement  grouping,  size,  and  use  of 
structures. 

1  i  import    it  toundei  I  ind  i s  a  oning  ^rdin  i  ;<  i  tighl 
constrain  il    illov  bl    -izeandsh  ipeol  i building. the 
'  ull  o   (building is  egt  hi.  Idi  ecth  by  ft  ifyingv  riou 
i  p  ;ts  >1  its;  izf 

-  How  much  of  the  land  can  be  c#  red  by  a  building 

trui  ti  n    ndth  to  al  it   r  area  that  m  ly  !•■  con;  tructed 
areexpres:  d  i:  p  rcenl  ig<  .  ol  the  lot  area. 

-  Fhem    imumwidtl     id  depth  a  building  m  y  have  are 

tpi    «    ]     percent,  ges  A  bhedi  i  n«  on  >ot  i  he  site. 
-j    '    it  g  r<  inan       I  o       if/ hi    I  ,';  ti    1  uildi  i 
structure  cart  be. 

fh  nd  h  ip    il  i    til  lin  ja     ilsi      strolled    din    r 

byspei  il  'H  i  ii  minimum  required  ti  I  in  i  s  from  the 
structure  1    !i  property  lin  i  of  the  site  in  order  to  provide 
for  air,  light    olai     ce  >s,  and  privacy. 


Property  lines 


y^ 


I  istingea:  ,  n  n  •  tnd  i  jht:  oh  i\  n  tyfi  rthet  lim  I  th< 
buildabieareaofasite, 

-•  Ai  t  i  went  ■    l<  gal  ight  h  Id  by  <  ni  p  rtytom  ik< 
limited  usi  oftto  landot  mother,  as  fora  right-of-way  or 
b  ■  .('<  i  >tolig  it  a  id  lit 

*  /  i  |h1  o\  o  i\  i  a  jalrigl  grant  Iti  >ingl<  pn  yoi 
the  public  to  traverse  anothef  dand,  \  >  for  access  or  the 
construction  and  mainti  n  net  of  utility  lines. 

o\  iii.  abo  i  requirem    *    togeth  1 1  i.h  nyn  stri  tion 
on  type  and  density  of  usf    lefinea  thn     lirt  n:  io  lai 
envelope  beyond  which  the  volume  of  a  building  may  not 
<  t  nd   'efertothi    pplic  bl   u  nings  d\  in     foi   pecj'1 
requirements. 


1  i  iiv  e-:'.r.':-;!i.  I:    •:'.■.  Si.:.--  Ci-'M 

EED  Si  red  t  2:  'evelopm  fi  Den  .ity  o  <  mmuni  y(  mnectivity 


Exclusions  to  the  general  requirements  of  a  zoning  ordinance  may 
exist  in  the  form  of  exceptions  or  allowances,  Exceptions  to  the 
normal  setback  requirements  may  be  made  for; 

•  Projections  of  architectural  features  such  as  roof 
overhangs,  cornices,  bay  windows,  and  balconies 

•  Accessory  structures  such  as  low-level  decks,  fences, 
and  detached  carports  or  garages 

'  Precedents  set  by  existing,  neighboring  structures 

Exceptions  are  often  made  for  sloping  sites,  or  for  sites  adjacent 
to  public  open  spaces. 


Required  setback 


Possible  exceptions 


Sloping  roofs,  chimneys,  and  other  roof  projections  may  be 
allowed  to  extend  beyond  the  normal  height  limitation, 
The  height  limit  may  be  directly  related  to  the  slope  of  a  site. 
A  reduction  in  the  setback  requirements  may  be  made  for 
sloping  sites  or  for  sites  fronting  on  open  space. 


Possible  projection 


In  order  to  provide  for  adequate  light,  air,  and  space,  and 
to  enhance  the  streetscape  and  pedestrian  environment, 
requirements  may  exist  for: 


8  Open  spaces  accessible  to  the  public 
(LEED  59  Credit  5:  Site  Development:  Maximize  Open  Space) 

•  Additional  setbacks  if  a  structure  rises  above  a  certain  height 

•  Modulation  of  the  facade  of  a  building  fronting  a  public  space 

•  Vehicular  access  and  off  street  parking 

Zoning  ordinances  may  also  contain  requirements  that  apply  only 
to  specific  use  categories  as  well  as  procedures  for  requesting  a 
variance  from  the  regulations. 

•  Restrictive  covenants  are  provisions  in  a  deed  that  restrict 
the  action  of  any  party  to  it,  as  an  agreement  among  property 
owners  specifying  the  use  to  which  a  property  can  be  put.  Racial 
and  religious  restrictions  are  legally  unenforceable. 


Other  regulatory  instruments  exist  that  affect  the  way  buildings 
are  sited  and  constructed.  These  statutes— commonly  referred 
to  as  the  building  code — establish  the  relationship  between: 

•  The  type  of  occupancy  a  building  houses 

•  The  fire-resistance  rating  of  its  structure  and  construction 

•  The  allowable  height  and  floor  areas  of  the  building,  and  its 
separation  from  neighboring  structures 

•  See  2.05  for  more  information  on  building  codes. 


Possible  reduction 
for  slope  — — - 


eik 


i&wm 
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J 


Providing  for  access  and  circulation  for  pedestrians, 
u  omobil  )    idservk     eh  lesii    n  imp  >rta     isped  of 
site  planning,  which  influences  both  the  location  of  a  building  on 
its  site  and  th<  ori  ntatiot  ol  i  -entrance  ,  Outlined  hen  and 
on  the  following  pag<     n   e<   [amenta!  criteri    01  Miniating 
and  laying  out  the  space  required  for  walkways,  roadways,  and 
surface  parking. 


h       Ji 


) 


1,  1 1  v «  for  sal  "  i  on  nientj  '  ian  >•>  m< 
movemenl  tobuii  lingentt  n  ■  fi  »m  irking  i  ;asor 
pul  li<  .ms  a    top  wit  i  minimal  (  os  np  1 1  ><d  ■  ys 

2,  Deter  in  th<  nurnbei  ol ;  irking  paces  -  mired  by  the 
zoi  ing  -can  m      >r  th<   yp<  >   -   upan  /and to  «! 
number  of  units  or  floor  ma  of  the  building. 

3,  D  termini  i  i.  n  mb<  rofacce:     '1  p   I  ig  spaces 

well  as  curb  cut;  ramps   n  (  ths  to  a<    ;ssible  building 
entrance;  required  by  local,  stati ,  .••>i  federal  law. 

4,  Provid  loading  -  nesfoi  bus  ■    ind  other  public 
M',a!'  por  ation  vehicf  >wl  ereapj  lie  ible. 

5,  Separate  service  and  truck  loading  area  >  from  pedestrian 
;  nd  lutomi  bill  ti  i  fie. 

6,  I  nrni'  lacces  '  n  i  mei  |em  /  ehielessui  h  n  fire  trucks 
and  ambulances. 

7,  Estalli  hthi  i    \\m  1  wi  Itl  ,  id  I     tion  of  curb « utsand 
theii  j  « p  ;  ir  i  inc<   romp  iblii  strer    intei  ei  i  <  i 

13,   I  a  »u      !       ighd  1 1  ■  hii  I      nt<  ri   i    iblii 

roadways. 

9.  Plan  foi  •  ml  olofa  op  rkii     i  •  .  whs  <  required. 

10.  Provid    ;  i  i  foi  I   h  •    pin  i    creei  ingot  pari  ing  i    i 
m  /be  required  by  zoning  i  rdina  ii ; 

11.  '  i  )pt  p3    I  wall  vaysa  id|  n  ing  r<  is  oi  li    rag; 

12.  Provid;    pa<    u     no<  removal  equipment  in  cob  climates. 


/ 


Illustration  adapted  it  m  th<  sil   plan  for  the 
(  im  Hou  e,de:  ignedbyAlvarAah  • 


i  ?  \\ 


CSI  MasferFormat  32  10  00  Paving  £  Surfacing 
CSi  MasferFormat  32  30  00  Site  improvements 


*  7-6"  (273b)  minimum  overhead  clearance  —  — ^ 

*  Minimize  conflicts  with  roadways  and  parking  areas. 

•  Provide  traction  in  areas  subject  to  icy  conditions, 

•  0.5%  minimum  slope  for  drainage;  1.51  preferred 

Pedestrian  Walks 


i\ 


5' (915)  minimum  for 
single  pathway 


■4' (1220)  minimum  for  two 

people  walking  side  by  side;  &  to 
&  (1530  to  2440)  preferred 


v  &  (1650)  minimum  when 
adjacent  to  parking  area  where 
cars  can  overhang  the  walkway 


*  Minimum  of  three  risers  per  run  of  stairs 

•  Handrails  are  required  for  stairs  having  four  or  more 
risers,  or  where  icy  conditions  exist. 

Exterior  Stairs 


*  Provide  amenities,  such  as  benches,  trash  containers, 
and  lighting. 

lib  Paths     . _ — ~~ 


Avoid  surface  irregularities  that  can  impede 
wheelchair  traffic. 

Provide  tactile  warning  strips  for  the  visually  impaired 
at  grade  changes  and  hazardous  vehicular  areas. 
See  A.03  for  general  ADA  Accessibility  Guidelines. 


A 


11"  (250)  minimum  tread  dimension 

4"  (100)  minimum  riser;  7"  (130)  maximum  riser 

See  9.05  for  proportioning  stair  dimensions. 


41  (1220)  minimum  for  one-way 
traffic;  51  (1525)  preferred 


7  (2135)  minimum  for  two-way  traffic; 
&  (2440)  preferred 


ADA  Accessibility  Guidelines 

•  Curb  ramps  are  required  wherever  an  accessible 
route  crosses  a  curb. 

•  Surface  of  ramp  should  be  stable,  firm,  and 
slip-resistant. 

•  Returned  curbs  are  allowable  where  pedestrians 
would  not  normally  walk  across  the  rarnpx 


4'  (1220)  minimum  from  top  of 
ramp  to  nearest  obstruction 
31  (915)  minimum  width  — ^x 

1:12  maximum  ramp  slope 

1:10  maximum  slope  for  flared  sid 


Curb 


'*  1 :20  rnaxi m u m  counter  slope 


VEHICULAR  CIRCULATION 


Loading  forth:  10' to  12' 

(3050  to  3660)  wide;  35' 

to  50' (10  to  15  m)  long 

20' (6095)  radius; 
15' (4570)  minimum  """' 


One  lane;  13' (3360); 
10' (3050)  minimum 
Two  lanes:  22' (6705); 
\dl  (5455)  minimum 


15' (4570); 

15'  (3960)  minimum 

20!  (6095)  radius; 
151  (4570)  minimum^ 

11!(5355)    %r^ 
merging!  wei 


&C... 


41  (1220)  radius 
20'  (6095)  radius; 
15' (4570)  minimum 


Outside  Turning  Radius 

•  Car:  22*  (6705) 

•  Ambulance;  30'  (9145) 

•  Bus:  54'  (16,460) 

•  Fire  truck:  A&  (14,630) 

•  Semitruck/trailer:  50'  (15,240) 


Inside  Turning  Radius 

•  Car:  12' (3660) 

•  Ambulance:  1ft1  (54^5) 

•  Bus:  32' (9755) 

•  Fire  truck:  34'  (10,365) 

•  Semitrt  I  'trailer ,  J  [b\   6) 


1:6  maximum  slope;  1:10  preferred 
ransition  I  >p<    |u,  I  f)-1'-'  h  i  i 
main  slope 


Privote  Roadways 


S'-O"  (915)  minimum  from 
wheel  stop  to  wail  or  storage 
'/  \ '  (760)  minimum 
Slope  slab  for  drainage 


i ' 

2CM0"  (6350)  : 

1  ' 

1 

■■'.'.'■■     ii 

11'^"  (3555) 


!!•  17'-4"  (5265) 

;r -; ; ' - - 

minimum 


&-On(2AAO) 

minimum 


7(2135)  -  ' 

10' (5050)  radius      > 


-•  22^0"  (6705) 


24' (7515) 


-  11' (5355)  minimum 


Residential  Drives  and  Garages 


Vehicle  Dimensions 

•  Compact  car,  5'-0"  x16'-0"  (1725x4675)      L 

•  Standard  car;  6L6"x  1^0"  (1950x5455)   I 

Parking  Spices 

•  Standard  cars:  dL&  to  9l~0n  (2590  to  2745)  x 
10'-O"  to  20L0"  (5455  to  6095)   ~-- — 

•  Compact  cars:  &<T  (2440)  x  16'-0"  (4375) 

•  Slope  \%  to  51  for  drainage; 
21  to  51  recommended 


_j\ 


!£L 

s 

o 

<4_ 

2s5 

.  5^: 

>    hz 

CV1 

o 

o 

c^ 

CD 

o 

-= 

20)  radi 


Parking  Lots 


7'-0,!  (2155)  minimum  overhead  clearance 


>°r 


Transition  slope  equal  to  one-half  of  ramp  slope; 
10' (5050)  length 


Clearance  for  walkway  "•"       '     '- 
2'-6"  (760)  to  curb  or  wheelstop 

Curborwheeistop  ^/^>\  / 


Width  of  structural  column 


O 


b% 


•  Provide  additional  width  for 
\  space  preceding  column  -— 

\r  .  10'4!l  .   10!4"  , 
\  X|(5960f  (5150); 


S/                          V 
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Wall  line 
2'-6"  (760) 


Garage  Ramps 


96"  (2440)  minimum  width 
60"  (1525)  minimum  access 
aisle;  may  be  shared  by  two 
accessible  parking  spaces.  - 
Identify  accessible  parking 
spaces  with  a  sign  showing 
the  international  symbol  of 
accessibility, 


a  Access  aisles  for  parking 

n       spaces  and  passenger  loading 

I           ||       zones  should  be  part  of  the 

||       accessible  route  of  travel 

j           j'j       to  the  building  or  facility 

||       entrance,  -x 

•  Local,  state,  and  federal  laws  regulate  the 
number  of  accessible  spaces  required, 

•  Locate  accessible  parking  spaces  as  close 
as  possible  to  building  or  facility  entrance, 

•  1:50  maximum  slope  for  spaces  and 
access  aisles 

ADA  Accessibility  Guidelines 


Accessible  parking  spaces  for 
vans  used  by  persons  with 
disabilities  should  have  a  clear 
height  of  90"  (2490)  and 
an  access  aisle  at  least  96" 
(2440)  wide, 


60"  (1525)  minimum  access 
aisle,  201  (6  m)  long,  for 
passenger  loading  zones 
adjacent  and  parallel  to  the 
vehicle  pull-up  space. 


,J||  ,  ^  II  il    ft,     11    fra,  d  Ji  ii  i',  «■' ,  H  ii  V' 


Slopes  that  are  subject  to  erosion  from  the  runoff  of  surface 
water  require  some  means  of  stabilization.  The  need  for 
stabilization  can  be  reduced  by  diverting  the  runoff  at  the  top 
of  the  slope,  or  by  creating  a  series  of  terraces  to  reduce  the 
velocity  of  the  runoff, 


The  principal  mechanical  means  of  protecting  an  embankment 

against  erosion  is  a  revetment  of  riprap  or  gabions, 

-  Riprap  Is  a  layer  of  irregularly  broken  and  random-sized 

stones  placed  on  the  slope  of  an  embankment  to  prevent 

erosion. 

*  Depth  of  layer  should  be  greater  than  the  maximum  size  of 
stone. 

*  Filter  fabric  or  graded  sand  and  gravel  for  drainage 


CSI  AAasterFormot  31  35  00  Slope  Protection 
CS1  MasterFormat  31  36  00  Gabions 
CSI  MasterFormot  31  37  00  Riprap 


Cribbing  or  bin  walls  may  also  be  used  to  hold  back  and  protect 
steep  embankments. 
--  Cribbing  is  a  cellular  framework  of  squared  steel,  concrete, 

or  timber  members,,  assembled  in  layers  at  right  angles,  and 

filled  with  earth  or  stones, 
-•  A  bin  wall  is  a  type  of  gravity  retaining  wall  formed  by 

stacking  modular,  interlocking  precast  concrete  units  and 

filling  the  voids  with  crushed  stone  or  gravel. 
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Gabions  are  galvanized  or  PVC™coated  wire  baskets  filled 
with  stones  and  stacked  to  form  an  abutment  or  retaining 
structure,  or  as  riprap  to  stabilize  an  embankment. 
Filter  fabric  or  graded  sand  and  gravel  for  drainage 


HI 


Natural  means  of  stabilization  include  soil  binders — plant 
materials  that  inhibit  or  prevent  erosion  by  providing  a  ground 
cover  and  forming  a  dense  network  of  roots  that  bind  the  soil. 


i 


Whenade         '•  n  u  i  q\  und  sl«      ■■  <     ■   ! 

poi    of th    oil  iretainin    'aIIbecorri<    nei         /to  hold 
back  the  {   •  ■»• !    rti  'nth    iphil!  »i     -  the  g    '.    !  ,  * 

A ,,-    ii   ig  ,-  (It  iu     h  a    ,  •„,,    nd    nstria     M       is1 
the  lateral !  r     ure  *!    le  oilb  '*>,;,  I  in  d  fill  ..active 
pressure ini  r<  ise;  prop<  ti<  i  llyl  >m    n      th  uppei  grade 
level  to    n  *  mum  -  lu<  ,:  •;  - 1.  > .   I  leptl  •'  tl     'all.TIi 
total  pre*  un  <   thrus  m  " .    i   un  d  to     acting    -    i  gh 
thMmimldoi  he  ria    ulardisl  ibul  >rs  patl    n.om  third 
boveth  [  5s  o1  nir  i  -I1 


re 

vwvej 

1; 

p^-L-j    ^.i 

•  // 

Rt> TW 

T-0.266x5H2/2 

T  =  total  pressure  or  thrust 

6  =  weight  of  retained  soil; 
100  pcf  (1600  kg/m3)  typical 
W  =  compositi  vveighl  ol ■■  lil  acting 
through  centn  idol    ie;  \    ii 
K    resultan  i      mdW 


T  =  0J35x5(H  +  Hf/2 
''   ,  !  %[  ii  ingwall  vithsut  K . g  I 


Surcharge  i  an  lition,  I  load  »  i,  :1  he  earth 
above  an  i  ,  -  its  *  "i  '•'  ?  ifn<  ofth  is  j  irallelsthe 
slope  of  the  surcharge. 

As  ain  -  33'  Pi  rthi    ng   o\  i  :po ..    I  mo:  t soils 

See  1.09  ft  rthi    '  I  o     pose  for  b;     soil    nbankments 


Arel  lining    illn     fail  I      erturnin     oriz  rital  iliding, 
orexce:  >w    ■  til  ig. 

•  Thrust .  i  i<    toov   turn  •  !    boul    i    >f  I  i 

*  fopn  /  itaret  iini i  |  ,  r     m overturnin    thei      ting 
moftienl  ('  i     f  the  cornposi  e     t  hi    -  th<  -'til  and  any 

iringonthebeelofl     •    >e(W    I) mi   tcounl     tha 
'   ii-  ning  m  >i ,  n1  (M°)    «  i1     by  th<  Joilpn    ui 
(TxH/5). Using.-.'S    ■    ctorof2,M     2M° 


I.  ;    *  •          lining  wall  froi     id  h«     nip?     , 

weighl  o\  thei    II  im    tl     oefft  ienl  tionforthe 

soil  supportin  jth       •    ;   i  ■  ■  i  coi        the  lateral 

thrusl  onth      lift),  i             fety  •  tor  of  1.5, 
WxC.F.>1.5T. 

the  passive  p      u    of  the  soil  abu  ■  ■'.    wei  level 

of  the  w,  Hat  sinresi    trig  h    i     i  irust(T). 

A  key  also  in             ieresista      •  sillti  sliding, 

efficients  off  i     <-,  <     '  ,  'd  /clay, 
0.5;  sand,  0.4;  wet  clay,  0.5 


i   ; .      ita  retaini  .    i    '<  !       hevertt  (force 

(W)  must  no       eedthebearin  '      fth      ,,:  ■ 

where         eight  <     he  .  II  n     ii     i  J      rfn )  on  the 

ba;    pi   «the vertical cortipoi    i    •'  ;h    •  1    in   tfo     val 
with  surcharge.  Using  a  safety  factor  of  1.5,  B.C.  >  1.5  W/A. 


CSi    , 
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L /la 


Sfl  (205) 


10"  (255) 


(0.9  Hw/ surcharge 


0.5  r 
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M<  i  Jt 


0.6  H  - ~'- 

(1.0  Hw/  surcharge) 


Reinforced  Concrete  Retaining  Walls 
1  n  ji  i  o  I  onii  jo  lid  ;li     :>b    wan  fo   >r<  imii  a  v  If  ign<  nly 
Consults  structural  eng  leei  forfina  designs  specially  when  a 
retaining  wall  is  to  bo  built  on  poor  soil  or  is  subject  to  surcharge 

or  live  bads. 


Gravity  Wall 

A  gravity  retaining  wail  resists  overturning  and  sliding  by  the 
•I.  ei  sw  i/j  ii  m  Irolurm  o\  it;  in  >-f  -  Gravil  y  w  lh  may  bf  i  e  i 
for  retaining  tructuresl     -than  10  (504^)  hiejh. 


Hype  Can  file  vered  Wail 

(   in    w  red     lis  of  n  ni    '    I  oncn  la  in  usedfoi 
«    lining  walls  up    >  20' high.  Abow   bis  height,  counterfort 
walls  are  employed. 


Counterfort  Wail 

A  counterfort   /ail  utilizi    tri  ngulai  •  raped  (  oss walls 

to  •  Ffen  II     'Hi,  slsl ,!'  id  id  lw<  gh1  I  •  h  ba .    fh 

"  un1  :rfoi       <    pi-  e !  »  **  ;,  i  i  inl  rval    quail   on<  ha   thi 

wall  height 


v,'..  Co  itik  wed  !>;w 

bis  type  of  retaining  wall  is  used  when  tl       llabul      property 
line  oi  *thei  >l   tructi  m 


Footing  should  extend  below 
the  frostiine  or  Z  (610) 
below  the  lower  grade  level, 
whicbevei  is  greater,  — — ~ 


Batter  refers  to  the 
*ackwai  -  t  pi  j  (act;  of  a 
wall  as  it  rises,  which  can 
off;  etthi  illu  ion  <  I  tint 

face  leaning  forward.  — ^, 
Temperature  steel  for  wall; 
more  than  10"  (255)  thick 
Structural  steel 
reinfor   men! 


1*         I      * 


Drainage  sy    i  mm  ybei    min  d  oi  Ii  ;v  th  buildup  of 
water prei  iun  '  hind  ill.  wall. 

Drainagemal  //filter  fabric  or  poi  >usg  ivel  backfill 

2"  (51)  0  weepholes  §  4-61  (1220-1650)  o.c,  or  perforated 

di  lii  pipe  sloped  '  >outl<  1  iwayfr  nwall 


s  3"  (75)  minimum 

•  Yvomde  vertical  control  joints  §  25  (7620)  o,c„  and  vertical 
m    on  joint     very  fourth  com  olj<  n1 


CSl  MasterFormot  32  32  13  Cast-in-Place  Concrete  Retaining  Walls 


Timber, n  d  concrete,  brick,  or  stoi     i 

may  ben:,  '  Poi  elatsVelyli     i     nineji  al  . 


'  Horizontal  tie      ;           .    - 

kf\i 

*  Deadman  isa  timber,                        ■ -. 
<  to  orci     i    em  •    buried  in               '■  e     : 
the  ,k  \nd     anani  o     >'d\or                  .  •  j 
i  all     /■/  5' (91;  Jhigl    id  placed                 /      j 
6'-0"(1330)o.c. 

4x6oi  6x     n     un    -    tedtimbei  > laid w/ 

'  i i] el  )j  •!.  i      i<    pi!    I  together!    i    lw/ 
galvanized  ■  .    rod   P4  0"  (1220)  o.c. 


Horizontal  limber  Wo! 


Gravel  drain  for  walls  over  t  (810)  high 


Weepholes  $  4-6' 
(1220-1630)  o.c.  <-""""'" 

Perforated d  ii !,  j-.    lo    < 
to  outlet ,   •  •  ';  im  wall  ^ 

Frostline  ~~-~~~~ 
&"x  24"  (205x610) 

concret;   ooting  ^ 


•*  rorickor  toneco]  in^ 

••  Galvanized  wall  ties 
<*  4"  (100)  brick  veneer 


5"  (205)    n  i      i      >nry  unite 
12" (30s 'J, ''-i',.  u  ma  onry unite 


r  "v  ei  W  II 


n  i 


tones  into :  "j    fi  i  ability 


(150) 


'rovidi  i  well  Irained, 

rtpa    ;       nula    ubbase;     l 
•    ,  n<  ■    not     -  I*-  to  fro;  I  n< 
Bottoi     frriorl     .'    one  walls 
r  >ul  h      n  I  below  ro  tli  h 


!•  1' 


Irv  Stone  Wa! 


CSI  •      srFormat  32  if  Maso      Retoi 

CSI  MasterFormol       :  imber  R      ling  Wall: 


-  :      fA¥!lM  ■. 


Paving  provides  a  wearing  surface  for  pedestrian  or  vehicular 
traffic  on  a  site.  It  is  a  composite  structure  whose  thickness 
in  icon  -  rui  tionai   d  n   tly  related  to  the  t^  le  w  lint    isity 
of  traffic  and  loads  to  be  carried,  and  the  tearing  capacity  and 
permeability  of  the  subgrade, 


l       "     '-         -       = 


The  pavement  receives  the  traffic  wear,  protects  the  base,  and 
transfers  its  loadtotbf  bas<  structur  .There  ire  two  types  of 
pavement;  flexible  and  ricjid. 
The  base  i     foundation  of  well-grade*    ggi    ate  ■that 


transfers  the  pavemenl  load  tothesubgradi  .11  also  prevents 
the  upward  migration  of  capillary  water.  Heavy-dirty  loads  may 
requirf  ai  id  iition  lilay  i     a  mbbas<;  o\  >  an  i  iggi  *  fate 

oic  i  is  crushed  stot 
Thesubrjcd    whi  imt   t  ultimately  <  rryth  pavement  load, 

h<  tld be  >i'1'"  tu  b<  i  oiii   ^ c fi»f  ^r '    Ifil    •     use il  may 
receive  nil  k  turefn  m  in  mi,  tion  n    hi  uldbf  si  )ped  to  drain. 


CS1  MasterFormat  32  10  00  Bases,  Ballasts,  ond  Paving 


Flexible  pavemenl    consi:  ingofunitp,  erso    oncrete,  brick, 
or  stone  laid  on  a  sand  setting  bed,  <m  somewhat  resilient  and 
ii  if  butt  loadstoth    >ubgrade  i  a  adiatingm  n  ins  They 
quire   <  od  >t  el,  ton     i.r « nry  irconcrel   ed  jin ,  to  'esti  tin 
th  :horizon1  r  mi  vei  lenl  >  the  paving  materi  « 


1%  minimu  i  slope  for  dra     ,•  !  >«'[  lyt<  cture 
paving  may  require  a  steeper  slope. 


i  itjidp  i"    nents   u  i  s  r<  infi  reed  a  n<  -  .-1  -  ib  u  i  p  vin  (units 
mortared  over  a  concrete    Iab;distribu    th  irlo  ds  internally 
i     ransferthemtothesubf       'vera  I       lai       heyrequii 
reinforc  merit  and  an  exk     ion  <     be  base  m     rial  Ting  their 
edrjes, 


Brick  paver:  4"  x4",  &\  12";  T '-2"  thick 
(100x100, 205, 305;  25-57  thick) 


Concrete  unit  paver;  12",  165  24n  square;  11/2  "-5" 
thick  (305, 455, 610  square;  30-75  thick) 


Interloi  king  paver 
(64-90  thick) 


.V2N-37z"  thick 


Grid  or  turf  block:  3  V2"  thick 
(90  thick) 


Granite  cobble:  4"  or  ( >   >quai  e;  6"  thick 
(100  or  150  square;  150  thick) 


Cut  stone:  width  and  length  varies;  1"-2"  thick 
(25-51  thick) 


*avini  ii     * 

*  Consult  io  n    ipplierfoi   vailabilityol      ip  >, sizes. <   lors.1  am    absorption  properl    i    »mpr<    >ive  trength, and  installation  recommendation! 


Unit  running  bond 


Stack  bond 

Unit  basketweave 


Interlocking  basketweave  •  Octagon  and  dot 


•  Roman  cobble 


•  Coursed  ashlar 
Paving  Patterns 


Paving  unit  on  mortar  bed, 
set  on  edge  or  la  id  flat  - 


Concrete  footing;  provide 
gravel  under  footing  if  frost 
depth  is  deeper  than  footing. 


Paving  unit  set  vertically 
on  mortar  bed:  unit  may 
extend  up  to  V2  of  paver 
height  to  form  curb,  — - 


Unit  herringbone 


Interlocking  herringbone    •  Interlocking  basketweave  •  Turf  block 


Random  stone 


Concrete  footing 


2x»  4x,  or  Ox  pressure-treats 
wood  edge  or  curb  -^ 
T  (51)  layer  of  wood  chips, 
crushed  stone,  or  pea  gravel 
2"  (51)  base  of  soil-cement 
mixture  or  crushed  stone  -., 
2x2  or  2x4  pressure-treatee 
wood  stakes,  24"  (610)  long, 
#  3'  to  4!  (915  to  1220)  o,c. 


Flexible  lose 


Rigid  lose 


Unit  pavers  w/  handtight  sand-swept  joints 

1"~2"  (25-51)  sand  setting  bed 
2"-6"  (51-150)  compacted  aggregate 
where  required  in  high  traffic  areas  or  over 
expansive  soil 

Compacted  subgrade  or  undisturbed  soil 


Brick  or  concrete  pavers 

3/4lf  (19)  bituminous  setting  bed 
4"  to  6"  (100  to  150)  concrete  slab 

Compacted  aggregate,  if  required 


Turf  block 


Topsoii  mix  for  grass  or  ground  cover 
T  (51)  sand  setting  bed 

2a~6n  (51-150)  compacted  aggregate 


Edge  Conditions 


Paving  Details 
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The  site  plan  illustrates  the  existing  natural  md  built  features 
of  a  site  and  describes  proposed  construction  in  relation 
to  these  exist  ing  h  al  ui  e >.  Usu  illy  based  on  an  engineer's 
land  survey,  the  site  plan  is  an  essentia!  piece  of  a  set  of 
construction  documents,  A  completed  site  plan  should  include 
the  following  items; 

1,  Name  and  addressed  property  owner 

2,  Address  of  property,  if  different  from  owner's  address 

3,  Legal  description  of  property 

4,  Source  and  dated  land  survey 

5,  Description  of  I  hr  it  boundarie:  din  nsion  of  property 
tines,  their  bearing  relative  to  north,  angle  oi  corners,  and 
radii  of  curves 

6,  Contractor  reject  limit  -  f  different  from;  t  boundaries 

7,  Norl  i  arrow  and     id    'drawing 

d,  Loi     on  and  d  -criptionofbi  n<  imark:    hati  ta ]l  h 
the  reference  points  foi  the!  otioi  and  elevations  of  new 
,:,:iiS-ri.:.ii,  i: 

9,  Identification  tnd  dimension:  of  adjacent  -treets,  alleys, 
and  other  public  rights-of-way 

10,  Location,  nd  I  m<  i  ■  ion  o\  my    isei    ntsi  r 
rigl    .  oi  .  lytl   '- r0!  'the  -i  - 

11,  Dimen  ionsot     tba«    >i    [uir  Ibyth   ?  >i «  |ordii  n  t 

12,  Location  and  »i  of  existing;  trw  Cures  md  '■■  :scription 
ofanydemolitt  nrequin  I  by  the  i    '   onstrm  Hon 

13,  Location  Mapt   md  >ize<  I   ,  p"  tu  <  -proposed 
for  construction,  inclu  ling  ro<    >verhang  >and  other 
projections 

14,  Locatiof  md  dimensions  oi  xistingandpro  fsedpaved 
walkw  )/  >  drive    md  arking  j  m 

15,  Lo  tti  'U  cm     til  jutilit  es:  water  i  lain  i,  sanitary  md 
storm  sewers,  gas  lines,  eles  tri  il  |  om\  lines  telephone 

,  nd    bli  lin<    1 1   hydi  ml     is  well,    propo  >  Ip  >ii  i   o\ 
connections 

16,  Existing  contour  lines,  new  contour  lines  and  the  finish 
grades  of  drives,  walks,  lawns,  or  other  improved  surfaces 
after  completion  of  construction  or  grading  operations 

17,  Existii  j  plant  materials  to  remai    in  Itho  el  .be  removed 
)d,  Existing  water  '•  rtures  such  n  drainagt  swab  ;,  creeks, 

flood  plains,  wati  sheds,  or  shorelines 
19.  f  i  -pc  edl ,  ■  i/  mnig !  atu  ei  :  icha  <  em  ng,  n    linin , 
walls  in  1 1  lanting ;;  if  extensive,!  mdscapingandothei  site 
improvement  s  may  be  shown  on  a  separate  site  plan, 
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20.  References  to  related  drawings  and  details 
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f  ririi  i|  iln  eridiai  i  -  <  nor!  i 
south  referent    in  .    mablished 
at  substantial  landmarks  for  large 

areas  of  land.  - ~—  "~ 

Guide  meridians  are  north-south 
n  fen  ice  line  »loi  itedb<  Iween 
corm  tio tlim  *  ci  2    ,i|! 
(55.62  km)  nti  i«<  il  itothf  east 
ind  a   1 1 '  princip  Im  rii  i  in ;  - 
Range  11' if     i   north -south 
reference lii     !     tedai  8  mile 
(9.66-km)  in  "i<  I:  I   tween 
guide  meridians,  ~ 

East-west  baseline    —""""  """""' 

Correction  lines  are  east-west 
reference  lini    I  <  ited  at  24-mile 
j  <•    I    m)intei    Isl    tshenortl 
i  id:  oi  th  fa  v  ■  iru  i    ci  reel 
for  the  co  ivergenc^  < !  n<  ridi  in . 
andequali  -..    «  lis!  mces. 


A  legal  description  of  a  site  consists  of  the  location 
andboun  1  iries  i  i  >pe?  irk  par  eioi  I  md  based  on 
a  metes-and-boundssurveyora  rectangular  system 
of  survey,  or  made  with  reference  to  a  recorded  plat. 

~*  A  metes-and-bounds  survey  calls  out  the  course 
and  length  of  each  boundary  line  of  a  parcel  of  land, 
starting  at  a  known  reference  point  and  working 
around  the  periphery  of  the  plat  until  returning  to 
the  place  of  beginning. 

-  Asurv    pi  ti    }h  \a\dot  u  i  n1  dt  cribing 
the  location,  boundaries,  and  dimensions  of 

,  i  '(    or  parcel  of  land,  in<   idii  ,  i  n  ng  md 
plannii  gcon  mission  ippt  n/al      isementsa  d 
restrictions,  and,  for  a  subdivision/the  dividing 
iim  » off  ret  I  >JI4  •  and  lots  m,  Ik  ni  n  bi   ng 
and  dimensions  of  each  lot. 

-  I  here,  tangul  r  >y  temoi  urveyisbasedona 
modifiei  grido  north  south  principal  a  idguid< 
rnei  i  n:  .  n<  easl  vesl ;  seiin<  ■ 


Rangeisoneol  isei    -ofdMsions  numbered  east 
'i. !  -   i  Fi  n  •  jui !  mi  ridi : i  in  •  om  istin 1  I 
arowol  to  n  hip    1 11  i      u  nb     di  earth  or 
.-"ill  i  omal  iselim 

s  ••);  >hipi  >auni1  o\  i  nd  irea,  pproximately  six 
>c\  ian  i  ii!i  j(9!  2  m  j.  on1  lining  6s<  ti  n 


Sea ! '"Hi'  om  < I  hi  38nui  ib  md  mbdivision: 
of  a  town:  hip,ea<  h  pproxim  it<  ly  one    quare  rniie 

l    5   km  i  r&  KOacn    la  a  furth  i :  ubdw'u  ed 
into  halvei  quai  i       ndeju  i    t  quarters. 
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THE  BUILDING 


\  \ 


Architecture  and  building  construction  are  not  necessarily 
one  and  the  same  thing.  An  understanding  of  the  methods 
for  assembling  various  materials,  elements,  and  components 
is  necessary  during  both  the  design  and  the  construction 
of  a  building,  This  understanding,  however,  while  it  enables 
one  to  build  architecture,  does  not  guarantee  it.  A  working 
knowledge  of  building  construction  is  only  one  of  several 
critical  factors  in  the  execution  of  architecture.  When 
we  speak  of  architecture  as  the  art  of  building,  we  should 
consider  the  following  conceptual  systems  of  order  in 
addition  to  the  physical  ones  of  construction; 
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The  definition,  scale,  proportion,  and  organization  of  the 

interior  spaces  of  a  building 

The  ordering  of  human  activities  by  their  scale  and 

dimension 

The  functional  zoning  of  the  spaces  of  a  building  according 

to  purpose  and  use 

Access  to  and  the  horizontal  and  vertical  paths  of 

movement  through  the  interior  of  a  building 

The  sensible  qualities  of  a  building:  form,  space,  light, 

color,  texture,  and  pattern 

The  building  as  an  integrated  component  within  the 

natural  and  built  environment 


Of  primary  interest  to  us  in  this  book  are  the  physical 
systems  that  define,  organize,  and  reinforce  the  perceptual 
and  conceptual  ordering  of  a  building. 


AX 


A  system  can  be  defined  as  an  assembly  of  interrelated  or 
interdependent  parts  forming  a  more  complex  and  unified 
whole  and  serving  a  common  purpose.  A  building  can  be 
understood  to  be  the  physical  embodiment  of  a  number  of 
systems  and  subsystems  that  must  necessarily  be  related, 
coordinated,  and  integrated  with  each  other  as  well  as  with 
the  three-dimensional  form  and  spatial  organization  of  the 
building  as  a  whole. 


Structural  System 

The  structural  system  of  a  bulling  is  designed  and 
constructed  to  support  and  transmit  applied  gravity 
and  lateral  loads  safely  to  the  ground  without  exceeding 
the  allowable  stresses  in  its  members. 

•  The  superstructure  is  the  vertical  extension  of  a 
building  above  the  foundation, 

e  Columns,  beams,  and  loadbearing  walls  support  floor 

and  roof  structures. 
®  The  substructure  is  the  underlying  structure  forming 

the  foundation  of  a  building. 

Enclosure  System 

The  enclosure  system  is  the  shell  or  envelope  of  a 
building,  consisting  of  the  roof,  exterior  walls,  windows, 
and  doors, 

•  The  roof  and  exterior  walls  shelter  interior  spaces 
from  inclement  weather  and  control  moisture,  heat, 
and  air  flow  through  the  layering  of  construction 
assemblies, 

•  Exterior  walls  and  roofs  also  dampen  noise  and 
provide  security  and  privacy  for  the  occupants  of 
a  building, 

•  Doors  provide  physical  access, 

•  Windows  provide  access  to  light,  air,  and  views. 

•  Interior  walls  and  partitions  subdivide  the  interior 
of  a  building  into  spatial  units. 

Mechanical  Systems 

The  mechanical  systems  of  a  building  provide  essential 

services  to  a  building, 

•  The  water  supply  system  provides  potable  water  for 
human  consumption  and  sanitation, 

•  The  sewage  disposal  system  removes  fluid  waste  and 
organic  matter  from  a  building, 

•  Heating,  ventilating,  and  air-conditioning  systems 
condition  the  interior  spaces  of  a  building  for  the 
environmental  comfort  of  the  occupants. 

•  The  electrical  system  controls,  meters,  and 
protects  the  electric  power  supply  to  a  building,  and 
distributes  it  in  a  safe  manner  for  power,  lighting, 
security,  and  communication  systems. 

•  Vertical  transportation  systems  carry  people  and 
goods  from  one  level  to  another  in  medium-  and 
high-rise  buildings. 

9  Fire-fighting  systems  detect  and  extinguish  fires. 

•  Structures  may  also  require  waste  disposal  and 
recycling  systems, 
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building  systems  in  construction  should  take  into  account  the  following 

factors; 
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The  U.S.  Occupa  ionai  Health 
and  Safety  Act  (OSHA) 
regulates  the  design  of 
workplaces  and  sets  safety 
tand  i  di  und  r  which  a 
i  uildin  i  must  I     onstn    ed 


Performance  Requirements 

•  »trui l  male  )inpa1  bi  t  '  in1  gr  itii  i  <  ndsat  :<, 

!  if:-.-  t.Sill.:,:  -.'im--.-.'  i  I  Ml.   Ml,  1  :  .  I  ( -  i  V 

•  Allowable  ( ml  :  it  jbl<   hii  I    ;  •  »f  con  >1   i  tion  issemblies 

•  ( ot  troi  -  h  I-  i, id  ii  a  w  th   ugh  building  •     mblies 

•  Control  of  migi  i1  o\  m  \i  mden  atioi  ofwateri/apor 

•  Accommodation  of  building  novement  du(  to:   ttlement, 
structural  deflection,  and  t  pan  i  in  >i   orrl   i<  I  on  Mh    i;  ng<  > 
in  temperature  and  humidity 

»  Noise  reduction,  sound  isolation,  and  acoustical  privacy 

•  Resistance  to  wear,  corrosion,  and  weathering 

'  I  inish  cli  a  In.      mi  Im  lint   lanci  n  quin  menl  - 

•  Safety  in  use 

Aesthetic  flualilles 

•  Ot  iirdi  S  m  >ri:  hi  o1  bi  il  ling     it:   .iu   idj  ic<  i  -  pr<  >!  i  ies 
and  neighborhood 

'Prefer;  dq  i  l  bi    o\  foi  n,n  i  sing,i  *lor,  [   1 t<  rn,  <  tun   inddi  i  HI 

Regulatory  Constraints 

•mplia    <  !  ith  o  ling       ,   nc<     m  Ms  dii  ,    .:, 

Economic  Considerations 

•  Initial  ci  s1  com]  h  ing  latei  iltti  nsporl  iti  >n   q  iipi    nl 

and  labor  costs 
fe  cycl       •  .  .  iii  hi  cli  I  ;no1  only  if  itialc  •  t  u\  al  >o 
iaii  tenancy  in  iop<  ratii  i     •'  <,  nerg;  -    isu  w\  Uo    us      lift  time 

demolition  and  i  pla  emeriti  >s1  .  ndintei    ton  in1  isted  money 

Environmental  impact 

•  Conservation  of  energy  indn  iourt  :  i  n  mgh  iting 
mdbuildingd   >ign 

•  Energy  effii ,  i    /ofrnech  ni<  il  easterns 

•  Use  of  resource-efficient  and  nontoxic  materials 

•  See  1.03-1,06 

Construction  Practices 
Safety  requirements 
Allowabletot  ran    •    nd  »mls  |  riati  fi1 
Conformance  to  industry  standards  and  assurance 
Division  of  work  betw<  t  n  the  >hop  md  the  field 
Divisional  laboi  and    wdi  1 1  ,  moi  building  rad  » 
Budget  constraints 
Construction  equipment  required 
■a ■.:■■'■  -=•_=- 1  an.   '.  ,m  w.-l 
Provisions  foi  inclement  w<  ithet 


i  uildii .;..-!  :  a  eado\  tedand  i  orci  I  by  .... !  -;. .<  rnmen 

jen<  •■">  to  i  gul  fo  thi   !    if  constructs     !  .  itiomand 

repair  of  bui  iin    in  of    rtoj    I     ;tm    ubii     ifety  health, 

and  welfare.  The  codes  genei    ly    tabiis    equi  ,  i<   I    based  on 

the  type  of  occupan  ,  ndconstru  tion  i  ibuil  ing,  minimum 

ndardsforma  i  rials  md  method:   H  coi  ;tn  ction, and 

pe  ifii   tionsfoi  mructu  i  i   !  fii   s  fe  \  Wh "-    id 
primarily  pi  ;  Tiptive  in  natun  th  ,  »fsot  m  iin|  rformance 
crit(   .    .  ipulal  ngl    •  '    rticularo  I,"  >n  nti    .<  I  >     u 
fun< :;  «n  withoul  neo    ?aritygivin(  the  m  im  to  b^  -\  ployed 

>  ( hieveth<   <   ult:    i  !-  ,  0     -l>        h  i  m  -   >1  md <..! 

tabli  hedbyth<  Ai  i  ri(  n   o\    tyfoi  les  tig  m(  M 
(/  >TM)    i<  /  t  ri<  nNatioi  ilf  '  -  id,  rd  Instil  U  a      I)  ... 

thi ;  technt  \t )  ietie  ind  ti  id  *e  <  -eolation  ,1  >indi<  iti  th, 
pi  »pe  ;ii !  d  in  iii  rn  if.  ilorcompoi  :n1  mdth  let!  !  . 
testing  req  tired  o  substantiate  the  perfo  rnai  i    H  products. 

Mi  el  Co  J  i 

Model  .-"'   »  ireb  iidingf  >de  >dev<  t  p  d  by  national 

oi  ]  mi  a  u  m  *  I  "v  official;  m  ;!•  i ,;    if  dlifi  ?aft  ty  i  Xpert; 

professional  societies,  and  trad  ;assoi  iation  for  doptionby 

local  communitit    is  I  g  illyi  ni  >rceabk  r  gi  lations  Ifcertaii 

provisions  ne  Itob  m  difia  ma   ',  1 U  *  (dress  local 

requirements  or  concerns,  a  model  code  may  be  enacted  by  a 

municipality  witl  amendi  lent: 

Internotional  Building  Code® 

Since  th      lypai    f  the  la    1    ltui    ■  s   i  m  joi  m<     i    >    < 
have  been  developed  1  ruscinvariou  pari   of  the  U.S.  by  the 
r)u  lingC  ffi  ial    iru  Code  A  (mini  -    itoi   li  i«  rn    ionaflnc. 
'  >0(  A]  th  In1  1    tion  ICotrl  <  ru  :off3uildii  |0ffi<  1  ils(k  >< 

nd  the   ou  hernfamil  Iin  1  Cod  (  infei  a?    (:  r)(  C)  In  I  94  these 
i   )    l  cod;  jroup  mei    d  to  form  the  international  Codt     u  icil 
(ICC)  wi  IM'"  goal  1  fdi  elopi  1  •      >mp  ehei  si*  ;  nd<  )<  rdii  11    I 
• .    0  iation,  I  model  *  1  •■•  .In  2000    h<  l(    published  th<  fii  i 

!  ion  of    tell    rn  itionall  uild  : ,  ,   !     (II3C) 

As  with  th  mod  h  )de:  that  pi       edit,  the  l&  begin  '\ 

lefinin  categori    ofuseos  >"i  up  in  ;    id  m  ttmcj  h  ighl  - — 

ind  r<  i  imi      ons  nreial  <  nto  Ik  o<    pancy  >1  1  build  :« 
md  thi  typ  ofconstructioi    mployed    nd  1  ienpn  crib    fh 
typi    oi    >n<  i  u  tiot  it  oi  lin<  ti  <  ecjn    0   ir  .    i  i    ice  in 
-  i  nbusti  lity.TI       le  also  contains  provisions  for  interi 
inish     fi  t  prot     ioi  rns.en  ••  ,.\  c^  o  i  :    r-        il  ilit 

interior envi  on  ■>.  n1  en  n  ;yefl      1     exterior'    I1    md  roofs, 
structural  I    igmbuildi  mm,  i    :  1:    ileval       v    « ,|"1 1 , 
systems, and  ■•  .ting :  tructures. 


Companion  Codes 

The  International  Ixcsidential  Cod<    (IRC)  regulates  th      -  auction  of  detached 
on.  md  1    •    imilydwi  llin  5s  an      ivnhoi       tot  more  th      ,         >rie 

,',,',«  1  id  laving   « ep  1  u 1  oi  §n  l  fh  Inti  rn.  1  mall  :i  tin ,  mil  Iii  1 

od       '.,!  hi  Jcjul  lice:  tl  1  al  er,  '><  1  n  air,  n  i  enovai   n oft  isting   '« iliti* 
emercjedv1-'! ...  incn  sinp  portan*     -  hi      iepi     rval  n    1'    istainable 
eu    1  fexi  ting  1 1  il  ling  .Other  -  np,  ni  ncod    i  n  md  th    nternational  I  n.  ,e 
'  *nservation Co  le®, 1 11  rnationafi  in  Cod  ■ '  Int<  n  iti  >n,  II I  eh  nicah  -  \<     md 
Inten  itionall  urn  i  i§(  .*,- 

Oilier  Important  Codes 

the  National  Fin      tectionAs    <  iatii  n  (NI  P/  )h  i  dev  m,-1'.'  11  mm  del 
building  cod    NFPA5000,,     11      ernativetotheli      fi>ii  n   i      Umcj  Code, 
th  N  I  a   Isopubli  >m  oth  1  ;.!</*r  d  mumenfe 

•  NI    ,i  !! ,  >i..'!  lei  1  ilElfl    i  Cod      i  mre:    h     ■'•  ty  oi  pei  - 1     mdthi 
•/  uk  n  mqoi  I  uil<  ings  in  Ith  ii  a  nten     roi  il  n  '.v    ,  a  ngfr«  nthi  u  - 
oi        rich   I    'i(m    <  i1   in  i power 

e  MFPA-101, the  Life!  '   I   Code      tablishes  minimum  req  i   nentsforfire 
I    •  i     pre1  ntio  oi  !  •<<:  1  fromfire   mo     mdq    ei    ii  c  •    tion  and 
alarm  sy:  i  ;ms  fin  exti  igu  mir,  y   :emsm  <'  m  §ei    '    \n    < 

•  NI  PA    '>    "   r    he  1  tail    ion  of  fir  •  prinkier: 

federal  Requirements 

1   -k\  ii  in  to  the  I  c  lly  1  loj  tedv  rsionoi  tl  1  ;  md  ;lo         her    1   •  peci  ii 

federal  requi  1  men1     hat  nus  beconsidei  din  the  design  and  1    istructionof 

facilities. 

•  The  Am  rican  «vitl  Disa  ilities  Act  (ADA)  of  1  W\    ederal  civil-rights 

1  |i  I  i  nr    u  rin    h  1   1  ildin  1  b-  m  c  ;aci  r'1  I !  topei  01    wi1  i phy     *i 
li  a  lith    and  cert,  in  defined  i  lent  cm   biiitii  i.  Th*    DA  Accj  '  •,  ?ility 
uidel  ii.  -(/  DAAO)  r     Im  nistei    Iby  the  Archil  t  tui  1  in  I  fran  poi  0    n 
1    rriers(  miplianci  E3o    i  (ATro(  1  I  and  th    c;  ilati  is  re  a  Imini  t<  <  \b) 
the  U.S.  Depai  mentofjustici   Fhi  *'-im  ipplies  0  all  now   m  tru  tion  as  well 
astoihf  ill      tionofexi     1  •'<  uildi  igs  ?hen  such  work  is  readily  achn   ibl< 

•  [hi  Federal!   ii  Ho  sing/   <  (I   HA)  '  I!  5€  im  i  d  .  -  . !,  - «,      )f Housing 
and  Urban  De^    *pment(FIUD)    pi    ionsrec|uiri  jail     identiah    nplexesof 
fouroi  moi ,  Iw  llingunit!  coi  struct  d  iftei  March  3,1!  a1  if.-,  adaptable  for 
u    by  1       ri!    ith  1  i  abili  i  ■ 


Occupancy  or  Use 
•  See  2,07 


m     ri    -f,f 
•  See  2.06 


Maximum  I  eighl  "  Arei 


II     TYPES  OF  COISYIIISCTSWI 


jt>f 


II    i    ! 


^  i 


/^<^ 


fci 


The  reclassifies  the  construction  of  a  building  according  to  the 

fire  resistance   fi1   major  elemen     f  ructu  iM  -,,,0,  exterior 
and  interior  bearing  walls,  nonbearing  wails  and  partitions,  and 
floorand  roof  assemblies, 

9   [yp<  I  building  hav  their  rm  j<  i  building  eh  m  i1  > 

constructed  of  noncombustible  materials,  such  as  concrete, 
masonry,  or  steel  Some  combustible  materials  may  be  allowed 
il  Che^  areancill  iry  to  the  prim  irystructun  of  the  \MM\t] 
Type  II  l'u„  ingsan  fmilartoTyp  I  buildings  except  for  a 
i    lud  mm  Ik   ,  qi  iredl      <  is1  \m   n  ting  oi  l!    m  ij  >i 
building  elements, 
x  Type  ill  buildings  have  noncombustible  exterior  wails  and  major 
interior  el  ;mentso1  any  nateria I  permitted  by  the  code, 

-  Type  W  buildings  (Heavy  Timber,  HT)  have  noncombustible 
exterior  wall    im  n  y<  'men,1"  Anient:  of  solid  or 
laminated  wood  of  specified  minimum  sizes  and  without 

i  oneealed  spaces. 

-  Type  V  buildings  have  structural  elements  and  exterior  and 
interior  wall;  oi  im  v\\i  j  I  permitted  by  the  code, 

*  Type  V  Protected    u  tructi  >n  .  [uirc   allmajoi  building 

,  lemen  -  t  ce\  i  foi  nonbi  irin  :  i1  •  on  ill    n<  p  i  itions 
to  be  of  oi    ,'  >ui  Pin    &.  \\  tiw  .  on  4  ruction. 

*  ;  r  V  Unp  o    .  U  I  on      ictionha  no  'equip  i   m  »f( 
firemesi:  i  inc<  excepl  1  -i  when  hi  codi  -  quire:  protei  tion 
'.«•    c  for  wall:   lui  theif  proximil   t<    pr<  p.  rl  /lin. 

•  The  tab!  La  low  lutlirii    tl    requis     fii    <    istive  rating    H 
major  building  I  m  n    fori  i<  various  types  of  construction, 
Consult!  bl  601  of  the  In1  rnational  milding  Code  for  more 
specific  requirements. 

•  SeeAppei  h     rthefire-resi    ma  j  \\  rig:    i  re\  n  n  i1  i1  w 
,  on  true  tion  a  •  emblies 


Fire-Ri  j  istii     !:  ating  Reqi  irem  wis  (hours) 


Construction  Type 


ildinq  Element 


Type ! 


Type 


Type 


Hi 


[ype  « 


Structural  frame 


Bearing  wails 
Exterior 

Interior 


5 


2 


2 
1/HT 


Nonbearing  wails 
Floor  construction 

Roof  construction 


'.'i..'    with  occupancy,  type  of  construction,  location  on  property  lim    inddistanc*  ;o  djacent   truetures 

2  2  10  10  HT  10 

l1/2  1  10  10  HT  10 


fhi     Clim      he  i      mumh  ty  •    n    ireapei  Flo  t  of  a  bt  in 

t    -    ingl    com  .'««  iontyi      idoci  up  i    .    mp  expi 
the  intrinsic  rel    ioi  hipbel  n  n<    jre  offii   n  distance,  size 
of  ah  id!  ii  ■"..,'  r    !     occu|  nc    Hie  I    jerabuiL  ng  th< 
greatc  rth    lumber  of  occupaM        1  >        el      rdousthe 

1 1      he  mo     ii.     stantth*    ,.  ilil   •  hi  il  be  the  intent 
istoproto     i  building    one  fire  and  to  e<     sin  a  fire  lotii    toug 
fortheSi  .   :vacuat  noi  ci  i|  n1    m  if    a  fin  fighting  n  ;p<  n  . 
to  occur,  Thi  limitation  on  iizi  nay  be  exceeded  H  t ;  building  is 
eopj  pedwithai      i  >n   ti  fh     pi  ,i*. ,  ■    tern  >i  '  ii  isdivi 
by  fire  wails  in  o  areas  no     seeding  the;      lirnil  \  \o  i 

*  i  in  wall:  a .  r  p   '!    >  have  a  fin  '  si  a  in  ,  n      ,  ufflc    n 

toprevei    the  spread  o    refi  m  nep;     ofabi  ildingto 
i  !i  i  i  fhi  ^  must  extend  in      ntinuousm  mnei  fi    nth 
founda  ion  U  \\  irapel   bovf    hi  roof*  f,  ;  rilding  or  to  the 
und      deofanoncombusl  bit  rooi  411  opi  nin    infe  wall:  ir 
,  /  ;ri  t  it(  a  certain  p<  rc<   a  ge  i '  the  w,  II  !i  ngth  n<  mu  >tbi 
protectee  b    iel  cl  ising  fin    oor:  fii    rated  window      ei  bli  •. 
and,  in  Hi  a  t  o\  tir  due  :  . '-y  fin  i  i !  mold  d  i  i|  ei 

•  Qccupa  i  y  ej  ai  \tk  nsi  fi    to  fir  re;  isth  •!>•:  i<  lioi 
horizontal co    trui  i  n:  i  eLui   dti    rev<     thi  »|  eadoffire 
from  one  x  ;upancyto    lothei  in  im  (ed  ><  up  ncy  building 


Firesepai  itioi  dh  ;  nc<  n  f  rstothi  >paei  req  lin  J  between 
apropertylin  01  sdja*    itbuildin<    ndanexl  ri<   wall  having  a 

pecifiedfi  sr  >;- 1  nee  rating, 


\ 


Examples  of  Occupancy  Classfficcitlons 
A    Assembly 

Auditor!    i     h       «       de\    liui 

Offices  faboratori      m  hig  i<  i  education  facilities 
E    Educational 

Chile  c,u\      ilitii      id  schools  through  the  12tl  gi  di 
F    Factories 

,   brii  i1    :  ii      ,'  in ,  on  \  nn1     uringl  i<  ilities 
H    Hazardous  uses 

I  iciliti    ha  idling       r1  inn;  ui      i  ■'..  lanl   yo  ,  i  .  dou  m    erial: 
1     Institutional 

Facility    foi   up    i  ei    ecu    nfc     n  h  as  hospitals,  nursing  hon  foi      ;ori 

M  Mercontil 

ton     forth    /.  playand    i    ■•   lercl    idi  - 
i     ,  jjdei  -  ii 

Horn  15,  spart  en1   uildin   .  ind  hotels 
S    Storage 

War  hoi  3ingi    ilities 


[ 

[ 
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01  BUILDINGS 


Dead  loads  are  static  loads 
acting  vertically  downward  on 
a  structure,  comprising  the 
selfs^eight  of  the  structure  and 
the  weight  of  building  elements, 
fixtures,  and  equipment 
permanently  attached  to  it.  -™ 


Settlement  loads  are  imposed 
on  a  structure  by  subsidence  of 
a  portion  of  the  supporting  soil 
and  the  resulting  differentia! 
settlement  of  its  foundation. 

Ground  pressure  is  the 
horizontal  force  a  soil  mass 

structure.  - 


jl  x  j: 


In  enclosing  space  for  habitation,  the  structural  system  of  a 
building  must  be  abie  to  support  two  types  of  loads — static 
and  dynamic, 

Static  Loads 

Static  loads  are  assumed  to  be  applied  slowly  to  a  structure 
until  it  reaches  its  peak  value  without  fluctuating  rapidly 
in  magnitude  or  position.  Under  a  static  load,  a  structure 
responds  slowly  and  its  deformation  reaches  a  peak  when  the 
static  force  is  maximum. 

•  Live  loads  comprise  any  moving  or  movable  loads  on  a 
structure  resulting  from  occupancy,  collected  snow  and 
water,  or  moving  equipment.  A  live  load  typically  acts 
vertically  downward  but  may  act  horizontally  as  well  to 
reflect  the  dynamic  nature  of  a  moving  load. 

^  Occupancy  loads  result  from  the  weight  of  people,  furniture, 
stored  material  and  other  similar  items  in  a  building. 
Building  codes  specify  minimum  uniformly  distributed  unit 
loads  for  various  uses  and  occupancies. 

-  Snow  loads  are  created  by  the  weight  of  snow  accumulating 
on  a  roof.  Snow  loads  vary  with  geographic  location,  site 
exposure,  wind  conditions,  and  roof  geometry, 

/  Rain  loads  result  from  the  accumulation  of  water  on  a 
roof  because  of  its  form,  deflection,  or  the  clogging  of  its 


Water  pressure  is  the  hydraulic 
force  groundwater  exerts  on  a 
foundation  system.  ^^^ 

Thermal  stresses  are  the 
compressive  or  tensile  stresses 
developed  in  a  material 
constrained  against  thermal 
expansion  or  contraction. 


Impact  loads  are  kinetic  loads  of  short  duration  due  to 
moving  vehicles,  equipment,  and  machinery,  Building  codes 
treat  this  load  as  a  static  load,  compensating  for  its 
dynamic  nature  by  amplifying  the  static  load. 


Dynamic  Loads 

Dynamic  loads  are  applied  suddenly  to  a  structure,  often  with 
rapid  changes  in  magnitude  and  point  of  application.  Under  a 
dynamic  load,  a  structure  develops  inertia!  forces  in  relation  to 
its  mass  and  its  maximum  deformation  does  not  necessarily 
correspond  to  the  maximum  magnitude  of  the  applied  force. 
The  two  major  types  of  dynamic  loads  are  wind  loads  and 
earthquake  loads, 


/indload     retheford        rted  by  the  kinetic  e 
of  a  movies    nassofa     issutnedti     •  le  from  any 
i    1    rection 


he  i  u(  i  ,  orriponent:  i<  laddin  i  of  a  buil  lint) 
must h  lesigned  on  ii  ' '  ind  nduc  <'1 lidint  ><!'' ', 
or  overturning- 


v 


Wind  exerts  positive  pressure  horizontally  on  the 
windward  vertical  surfaces  of  a  building  and  normal  to 
i\\  ''■  ;  i  I  roof  >urfac    havingasl       ;•  e      han 
30°. 


Winds  Koi  snegat       n  sure  >i  •  ucti<  i  o\  tint   ides 
mdl     ,    d  >uH  i     .  i  •;  torn  il  to  wind    rdrooi 
surface:  having  a  <iop<  ie;    than  30°, 


Dei  ignwi  id  p res  m  i  -a  ninimum  ie;  ignvaluefoi  i  i< 
erp'valenl    ta1  cpr<    me\  •  thi  ext<  rioi  surfaces  of  a 

i  uctu  i  f  ul  ing  rom  i  critical     idv  locit;    7   i 
;.',   ei     n     vindpressu      '  asure  Ia1  it  igh 
>f33!  (10  m),  modified  I ,•    ni  mbei  0  coefficiei  I    to 

£    un1  for  h<  iff  d   of    p«  ur<    ondi  i<    1 1  ilding 
height,  wind  gus  >,   d  the  geometry  md  orientation  of 
the  structi  n   otht  1  pinging  airflow. 
Animpo  t;  nc  fee  orm  yin  1  asel  i<  lesign  falu  ■ 
oi  windoi  •  sink  !«  1    »on    bi  iidingbe*  iu  eo\  it: 
V    x  upancy  i    potenl  illy  I  1    rdous  contents 
oritses^  itiah     ure  1  Ik  , :'.  oi  a  hurricane  or 
earthquake. 


ix 


Flutter  or  en  to  the  rapid  oscillatioi  iof  ifl  dblecable 
ormembran    tri  cture  caused  by  th    lerodynai  ii< 
effects  of  wind. 

Tall.siendei !  illdi  ig  •    true  ur  m  h  unusual  or 
complex  sh  p<       idligl      :i   i1       ibl    structures 
ubj  ct1    lu   '   i  ..' :  *    ,   iti    i    1     ingo 
.'•i  put  1  nodelingtoinvi   tigateho     !   /re:  |  m 
thedistril  itiorn  fwind  pressure 


C     : 
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Groum   icceler  ition 


If 
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The  natural  period  of  a  structure 
vart  i  according  1    i1    het  ht 
above tli<      i  ii    i  .dimension 
parallel  Doth    lire    ionol  h 
!j  pli   I  fon    7   '  l    «    I    »tifl 
structures  oscillal   r  pidiyand 
have  shorl  periods  whit  more 
flexible  stt  i  turf  «o  « illatemore 
slowly  and  have  longer  periods, 


/  u  ,    hqual     on  ;i      of,   >erie:   H  ,  ngita     i  in  Itran  v  i  i 
f\\  ,    on  Mr'  i   din  the  earth   crust   y  hi  il  ruptrru  <  m<  n1 
)  plate  ,  iongfaukl  ii      flu  shock:  of  an  earthquake  p  opa  •  ite 
along  thf  t  irth   sui  ac<  inthi  formofwavi  >  ind  attenuate 
logarithmically  with  distance  from  its  source.  While  these 
o'i  m  lm<  tion    \n  thn     lim  n  i<  n  ilini    ure,1  teii  Ik  t    n1  il 
components  are  considered  to  be  the  more  critical  in  structural 
lesign  i  \i  vert    ilload  cm  yingeiemei  I   of  as  ructu  <  usually 
haveconsidera  eresen    \o\      isting  additional  vertical  loads. 

■•  The  upper  mass  of  a  structure  <l  >*  >>v  L\  inerti  I  force  as 
it  tends  to  rem,  natrest  M\  th  baseis  ranslatedbythe 
ground  motions  of  in  earthquake  From  Newton's  second  law, 
thi  fore*  ■    qu  il  o  the  j  rodu<  i  o\   la  •     nd  ici  elet  i!1  >n 

•  A  statically  equivalent  lateral!  ra  base  shear,  maybe 
computed  I    reejul  rstru    uresb    - 1  \\  14  !' (7.v> m) in 
,i<  i  .in  i  egulai  trus  ura  >no1  m  n  th  m  fivi      at  il  Ml 
and  structures  at  low  seismic  risk, 

--•  fese  shear  is  the  minimum  design  value  for  the  total  lateral 
seismic  force  on  a  structure  assumed  to  act  in  any  horizontal 
dir  c  i-  n.  il !  .compi  ted  by  multiplying  th*  a  I  il  dead  I « i  • 
■'  th     trui  tut   c\  inumbi  ■  t .  e-  ffi  i.  it:  ton  ft  cttm 
I   i  \<  n1  *  \\t\    P th  g  oun  Imoti  >i    r  tl 

zone,  ili'     silpn   I     y«  •"  '• f*  in<    !-  oun  lation  th  type 
ofoccuparii      h  di  tributionol  th    vai     m<     ,'  I  lessofthe 
structus    i     he  natural  period     the  ti      .  mi  :d  for  one 
complete  oscillation— of  the  structure, 

•  13a       i    ,     .'  .tril  u  ed  toi  ichhi     on1      i  iph  : ;     il  •>■ 
the  ba    . ;    .  •'*  i      ucturesii  propi  rl    nt<       floor  weight 
at  each  b  el  nditsdist;  n<     n  n  the  base. 

•  \\nor  compli   dyn  imh  1 1  ily  >  >i    eq  lire  I  foi  iigh  ri  •> 
structure      tn       eswitbirn  gulai   h  ipes  or  framing 
systems,  or  for  strui  ure  built  on  soft  oi  plastic  soils 

u    '  p  ibli   o\  ilu ,  of    -it  si  i'i".  i   eismt  I  idl  ig 

j  Any  lateral  load  applied  it  idi  tance  ihovc  gi  \ch  generates 
anovertun  ingmon  en    i1   hi  ba  >  i  f     trui  ture.  For 
equilibriu  u  ri    <      tun  ii  gi  iom<  n1  must  b<  i  ounterbalam  ed 
I  /  n     ern  I  restoring  nome  rl   n  I  mini  n  In  -i  ting 
moment  pi  sadedb^  forct  »devel  )pedin    tan  n  i  ibersand 
shear  walls. 

>  A  rest  in  im  >m  n1  h  provi  \t  I  »yth<  I  ,  dloa  lo   i  ti 
sctinga  »ou1  thes  mepoinl  o\  otation  isthi  overturning 
movemenl  Building  codes  usually  i  quin  thai  thi  restoring 
moment  be  it  I  as1  501  gr  ;atei  than  hi  ov  rturning  momenl 


th      llowingisabriel ,'ii  odu<  tiot    >tto  / r,      i  u(  ut  il  $  » 
must  resolve  all  of  the  forces  acting  on  a  building  and  channel  them 
to  the  ground.  For  mot   complete  irri  rmationon  he  structural 
lesignand  maly:    ofbui  lit  j         Hbliogi  phy 


A  force  is  any  influence  that  produces  a  change  in  the  shape  or 
movement  of  a  body.  It  is  considered  to  be  a  vector  quantity 
possessing  both  magnitude  and  direction,  represented  by 
an  arrow  whose  length  is  proportional  to  the  magnitude 
and  whose  orientation  in  space  represents  the  direction.  A 
single  force  acting  on  a  rigid  body  may  be  regarded  as  acting 
anywhere  along  its  line  of  action  without  altering  the  external 
effect  of  the  force.  Two  or  more  forces  may  be  related  in  the 
following  ways: 

*  Collinear  forces  occur  along  a  straight  line,  the  vector  sum  of 
which  is  the  algebraic  sum  of  the  magnitudes  of  the  forces, 
acting  along  the  same  line  of  action. 


Concurrent  forces  have  lines  of  action  intersecting  at  a 
common  point  the  vector  sum  of  which  is  equivalent  to  and 
produces  the  same  effect  on  a  rigid  body  as  the  application 
of  the  vectors  of  the  several  forces. 
The  parallelogram  law  states  that  the  vector  sum  or 
resultant  of  two  concurrent  forces  can  be  described  by 
the  diagonal  of  a  parallelogram  having  adjacent  sides  that 
represent  the  two  force  vectors  being  zddeA. 
In  a  similar  manner,  any  single  force  can  be  resolved  into 
two  or  more  concurrent  forces  having  a  net  effect  on  a  rigid 
body  equivalent  to  that  of  the  initial  force.  For  convenience 
in  structural  analysis,  these  are  usually  the  rectangular  of" 
Cartesian  components  of  the  initial  force. 
The  polygon  method  is  a  graphic  technique  for  finding  the 
vector  sum  of  a  coplanar  system  of  several  concurrent 
forces  by  drawing  to  scale  each  force  vector  in  succession, 
with  the  tail  of  each  at  the  head  of  the  one  preceding  it  and 
completing  the  polygon  with  a  vector  that  represents  the 
resultant  force,  extending  from  the  tail  of  the  first  to  the 
head  of  the  last  vector. 


Vector  sum 


V4 


Nonconcurrent  forces  have  lines  of  action  that  do  not 
intersect  at  a  common  point  the  vector  sum  of  which  is 
a  single  force  that  would  cause  the  same  translation  and 
rotation  of  a  body  as  the  set  of  original  forces. 
A  moment  is  the  tendency  of  a  force  to  produce  rotation  of  a 
body  about  a  point  or  line,  equal  in  magnitude  to  the  product 
of  the  force  and  the  moment  arm  and  acting  in  a  clockwise  or 
counterclockwise  direction. 
A  couple  is  a  force  system  of  two  equal  parallel  forces 
acting  in  opposite  directions  and  tending  to  produce 
rotation  but  not  translation.  The  moment  of  a  couple  is 
equal  in  magnitude  to  the  product  of  one  of  the  forces  and 
the  perpendicular  distance  between  the  two  forces. 


)ment(M)  =  Fxd 


ntarrt 
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In  both  structural  design  and  analysis,  we  are  concerned  first 
with  their  ignitude  directie  n,  md  point  o\  ipplicationof 
forces,  and  their  resolution  to  produce  a  state  of  equilibrium, 
Equilibrium  is  a  s1  te  of  balance  oi  r  .1  resulting  from  the 
equal  action  of  opp    ing  force    In  other  words,  as  each 
structural  element  is  load*  d,  its  s  ij  portii  g  elf  ments  must 
react  with  equal  but  opposite  forces.  For  a  rigid  body  to  be  in 
'  |  lilibriut  i  r  voc  nd  i  m  an  nece  sary 


First,  the  vector  sun   'fall  force;  .m'i,  ion  it  must  equal 

zero,  ensuring  translational  equilibrium; 

ZFx  =  0;IFy  =  0;EFz  =  0, 

Second,  the  algebraic  sum  of  all  moments  of  the  forces 

about  any  point  or  line  must  equal  zero,  ensuring  rotational 

equilibrium:  EM  =  0. 


n 

I 


-J  si 


•  Newton    third  law  of  motion,  the  I       !  ■   i<     nd  reaction 
,  11     I  lal  ;  -I   -  ■ ,  f<        i  ing  >n    1  dy,  hi  bo  lye  er1 
foi  i  It  ing  tj    Imagnitud    ndthe  oppc  >ite  :'  f. « c 
along  Ilk,    imelim  ofae  iot  i  the  original  force, 

%  A  concentrated  load  acts  on  a  very  small  area  or  particular 
p  >int    fa:  up  wtl  g  tructural elenie  n1    ■  whet    b<    n 
bears  on  a  poster  a  column  bears  on  its  footing. 

-*  A  uniformly  di: l  ibuti  Ik  idi     lo  d  o1  ii  ifot  i  mag  litu  . 
extending  ovi  i  n-h«  I  :ngth  ot  an  a  of  1  he  supporting 
structural  element,  as  in  the  cased  the  live  load  on  a  floor 
deck  or  joist,  or  a  wind  load  on  a  wall. 


-h.  A  free-body  diagram  is  i  graphic  repn  mutation  of  the 
complete  system  of  applied  n  I  reactive  force  >  acting  on 
a  body  or  an  isolated  part  of  a  structure.  Every  elementary 
part  of  a  structural  system  has  reactions  that  are 
lecess  ryfoi  t  u  equil  I  rii  m  ■  th  pas    jus!  asth  I  nam 
' )    emh     'eactiot    it  its  support    ,    it   en     ) 
m  -if  tain  the  e  i  ii  briun  ,« the  wh<  I 


Column 

designed  primarily  to  support  axial  compressive  loads  applied 

to  the  ends      he  members  J  ly  short,  tl       olurnnsare 

ul     ttofailu    ;  /    ushinei ratherthsi  h  ". !  ■•„,  ; 
occurs  whi  nthediren        sssfrom,      ml  load  meeds th 

ompi  strength  of  th    i     rial         bl       hecross 

ion.  An  &     itricloa         evei        prodi     ■•.  r ! I  t 
result  in,  n  uneven  !    ribution  in  the  set  Wom 

•  Kern.         '  ..  . .  i..  ;  -      of  any  h  rizo  i1  i  -  tionofa 
oli    •  -       II  v   hi)  whi  .'i         Itantof  ilh     i|  - 
i,  <     iu  t|  i    ;'  >nly  co  ipressiv    tresses  are  to  b 
present  in  the  <  i    on  Ac<   ipi     >•    '       ppli     v/ond 
thi    i  -s  •-I1    iu  i  ten  ;il     tres  :  »tod  >'-  k  pi  i the   >•  ti  in 


Externa!  forces  create 
ml  rn  tre;  ■  : ' 
structural  elements, 


Lon^sli  i1  i  r  olu  i  i  n  ubjei  ttofailui  I  ibu  sis  tl 
than  b  « ru  hin  |.Bu<  klingisth  •  uddi  nl  iti  'aloi ,.  si  n  \\ 
instability  <       \et\de\  ralmemb    i   lucedbythe 

action  of  n      Iloadbefo     he  yield  sti     >  of  the  material 

eacl    I.I    deral  ucklingload  n   lun  nb<  (in     >d  rfl  . 
laterally  and  cannot  generate  the  in1     lal  forces  neci     any 
to     .ton      original  lin    rcond    ■  •    \ny additional Ii  ding 
iou\d\    i!  i    hi   oil  mn  -,1  leflectfurthei  ui  til    ilia;  «  >ccu 
nb<  idin  i  I  \t  higl  rtl     lem  >    lessi  itio<  a  column,  the 
lower  is  the  critical  i  e  <  tha  wilh  m    itt<  buckle,  A  primary 
objective  in  the  di     11  of,  i-  man  is  1  iredu    itsslenderness 
ratio  by  5h<      ningi    effective  length     maximizing  the  radius 

•  •;  §yra  ion  of  H   1  rot    ;ecti<  i 

*  I  1     lenderness     ,    >'•       umnistl        ioofitsefi 

;'-i.  ji    (L)  to  its  I     it  radius  of  gyration  (r).Foi     ,  imetricai 
,-!  ii  in  ;■  ti  >n     h  r<   »>■    u  ;!!  igwill  ti  n(      oc<  ui 
theweake       -   in    i  \d\   ctioi  of  bis  Ii  -  i  iin  ension 


Radius  of  yi  tion  (r)  is  the 

distance  from  an  axis  at  which  the 
mass  of     Oi     n    I    1     in 
to  be  concentrated.  For  a  column 
section  theradiu     .  syrationis 
/n  iltothi     mas     •  i  •■  the 
quotieni  of  the  1     nen  01  inertia 
md  the  mea. 


*  0  i&  length  thedist;  ebetwei  n  i<  1  points  in 
acolurnn  ubjecttobuckli  Whenthi  tion 0  olumn 
buckle     I      itin       11  in  fails. 

•  lir-.  ff  •  i\   i  n§1  if     -/,:,''      •   I  ;    ntl  >ri  0  ':-"  • 

tuai  length  of  a  column  according  .    . .« ;  : 

:  )rd  rto  determine  its  eff       e  length.  I         mpl 
both,  rids     i  long  column  r&     esi      ffectivel  ,-. 
andincra   •  •     1       ,    |     '■  :■■>>   >l:4. 


k  =  0.5 


one  end  fixed; 
k  -  0,7 


k  =  i.o 


one  end  fixed; 


4     BEAM 


f         1  1  |  Beams  are  rigid  structural  members  designed  to  carry  and  transfer 


4a 


transverse  loads  across  space  to  supporting  elements,  The 
nonconcurrent  pattern  offerees  subjects  a  beam  to  bending  and 
deflection,  which  must  be  resisted  by  the  internal  strength  of  the 
material. 


|  ^ ^—-~~~~  ^  .Deflection  is  the  perpendicular  distance  a  spanning  member 

4/ „_4s        L  t     \-  J    J-     .•  ;t    x[/ 4/ 4/  derates  from  a  true  course  under  transverse  loading,  increasing 

/    /  /  ,'  /  ;  /  /  /  r  ■'/']'-    , .,  r.|  .  ,  ,        -%  -     -   ''"     '   '.  \  \_  with  load  and  span,  and  decreasing  with  an  increase  in  the  moment 


T—'   '    '   '    '    '   '   IWI 


III  ',■''''  ■  .  •        i  ,       ''■-     -.      , ".',      ,\  of  inertia  of  the  section  or  the  modulus  of  elasticity  of  the  material, 

" '.  i  ■  '-    '        1  r*  /  Bending  moment  is  an  external  moment  tending  to  cause  part  of 

*'         --         a  structure  to  rotate  or  bend,  equal  to  the  algebraic  sum  of  the 

moments  about  the  neutral  axis  of  the  section  under  consideration. 

|  j         !     !  ..... .  - ~~" "         "~~ —- -—---.  Resisting  moment  is  an  internal  moment  equal  and  opposite  to  a 

r— ~-—~-^,^_  !       yx __— - ~-~~~*~~\  bending  moment,  generated  by  a  force  couple  to  maintain  equilibrium 

-—  —.__  ™^;"e'r  •      .  _.—"--* """"""^  ofthe  section  being  considered, 

s     -      .  ~~"      "'  '.(     i    .;    -,  :     ^"      __^~—~~ — ^       ^.,—  Bending  stress  is  a  combination  of  compressive  and  tension 

;  '""";"     "'  ^/  stresses  developed  at  a  cross  section  of  a  structural  memberto 

f ..      l     ^  ——-y  resist  a  transverse  force,  having  a  maximum  value  at  the  surface 

|[      \v        \  /  furthest  from  the  neutral  axis. 

j    \x^       "\     ^<4    ^  ^  ^e  ne[&ra\  %m  >6  m  imaginary  line  passing  through  the  centroid 

I  k^       "*\        ■    .  •  •  "  ofthe  cross  section  of  a  beam  or  other  member  subject  to  bending, 

|       ^\        '    /-"     *    ';    '  .  along  which  no  bending  stresses  occur, 

I  .      ,  .     —    ^  -\rmdver$e  shew  occurs  at  a  cross  section  of  a  beam  or  other 

I  "-; .     '        ,  member  subject  to  bending,  equal  to  the  algebraic  sum  of  transverse 

4/       4/       4/       \(/       4/   j    y^C'''  ~~"  forces  on  one  side  ofthe  section. 

/  .-■        .  .  j;  \^  .---'"'  ~~^"~~~~\       --" '  Vertical  shearing  stress  develops  to  resist  transverse  shear,  having 

/         I       4  I     '•<'.  '       "1\     i        X*'  a  maximum  value  atthe  neutral  axis  and  decreasing  noniinearly 

r~"~~-^— _  /        *£.       )     i|    ;  !  "\j  x^asS-/6 —  toward  the  outer  faces, 

^^p^t' "" """  |Vr  J  Y  y  Horizontal  or  longitudinal  shearing  stress  develops  to  prevent 

I  \  i^l'l/  ^"^       slippage  along  horizontal  planes  of  a  beam  under  transverse  loading, 

I    //A\^\X_  I l/^ ' ^^^  equal  at  any  point  to  the  vertical  shearing  stress  at  that  point. 

~— -__  if  (  , 

;    -';        -   m     -     i  "     j  \  The  efficiency  of  a  beam  is  increased  by  configuring  the  cross  section 

'-.'""  _  "'  to  provide  the  required  moment  of  inertia  or  section  modulus  with 

-— — -—-—_„___ \^____^-~-~~-~~^~~'  the  smallest  possible  area,  usually  by  making  the  section  deep  with 

j<\  |  most  ofthe  material  at  the  extremities  where  the  maximum  bending 

'X  ■  _..—"-    stresses  occur.  For  example,  while  halving  a  beam  span  or  doubling 

^-"^'  its  width  reduces  the  bending  stresses  by  a  factor  of  2,  doubling  the 

\  x  depth  reduces  the  bending  stresses  by  a  factor  of  4, 

f  .1'  ;,"  / 

;  ....    ,  J  •  Moment  of  inertia  is  the  sum  of  the  products  of  each  element  of  an 

^  \MI  ^  area  and  the  square  of  its  distance  from  a  coplanar  axis  of  rotation. 

!        '  -  ^"  j  It  is  a  geometric  property  that  indicates  how  the  cross-sectional 

"  area  of  a  structural  member  is  distributed  and  does  not  reflect  the 

intrinsic  physical  properties  of  a  material. 
•  Section  modulus  is  a  geometric  property  of  a  cross  section,  defined 
as  the  moment  of  inertia  ofthe  section  divided  by  the  distance  from 
the  neutral  axis  to  the  most  remote  surface. 


A  simple  beam  rests  on  supports  at  both  ends,  with  the 
ends  free  to  rot  !.    ndhavm  no  norn  n    *.  sistance.As 
with  any     i  i<  iffy  del  rm     >   :  t  .  :  .     th      uesoi 
all  reaction     In  i        !  moments  foi       nj    beam  are 
i  \A\  pen    ntofitsi      rsectionalshap    n  m,  1    i 

11 


/" 


a 
u 

\      ""~^U 

SSSss!  \ 

Aca  itili  eris<  projet  Im  k     loroth     i^id 

■  id  'i  ,!i  embei   u\  -r>  lati  nly<  i     ixeden? 
Anoverh,  \qlnqb    m     i simple!     n    cl     t'ngl  yondotio 
.  i  its    'i  »|  <r  I     fh  ov  rha  i^re  lues  >tl    po  >itiv  i  h  menl 

i1  rriidsp  iwhil  t!  !v  ■!  ;  in  j   neg    vei  101  lentatthel    < 
of  the  cantilever  overs,    iupport./  turning  'uniformly 
di  itril '  t<  llo.  I   !•.  p  >j  '  ion  fo  i  iich  thernomenl     ei 

h    iup|   i   '  -    [ualando)  osil    tot!    mom      it  mi    p  n 
Is, ,  |  •  (i  lately  /  o  the  span. 
Ad  >u  I.  , s'  t  n  jingbf  ,!         in  el,  bt  me)  I    din* 
I  yi  nd  both  of  11    >u\  o  i  , ,    sinning  a  uni  ormly 

lh  tribul  dl  >!-',!".  p  ejection  for  which  !    n  ornenl 
over  the  wppoi     .  -  equal  in<  oppO!  itetothi      merit  il 

nid:  p  i   io  ,  p|  ro;  i  itely  /    •.  h  :  pa  i 

A  fixed-en  i       i  has  both  ends  n    r;  in  *     jainst       ^__ 
tran:  1 11  on  n  h  jtation  '!..  fixed  i  nd  trai  >i  i   .  nd  ng 
tn  )5e    ii.     i    the  ri  jidil  /of  the  I  am  an !  educi  h  - 
maximum  deflection, 

p  su  ^pendi  I   pai  i:     iimpli  beam  supporter  b\  t 
whang  oi  wi  a      n'ru    pa     wi  !  « im    !  on  I  notion 
join  sal  poii  ts<  I  ero  moment, 
Acontin  ion  .beam  Ktend  ovei  moi  :tl  n1  •     ipport:  in 
ord«    tod  velop  jn   te  ri  \\d  I    md:  n  II     not  en1  >tl    i 
a  series  (,'  in  pi  t  im  » having    mil      pai  s  snd  loading, 
3o  hfi:    i-endan  con  in  ;v  bea  n:  n    ndel  ,.■  lin,  o 
!  i  uctu  "    H  sir  h  the  %  ilu< !  o\  tlh  ;aci    ns    hears»and 
moments  an  dependenl  noi  h  lyon  ip  n«  ndloadm   >u1 
ilso  nthecros    actional  .:. 1    an '  n  a-  ri  loi  th  b<  i  i 


Moment  diagram 
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RUSSI  - 


A  truss  is  a  structural  frame  based  on  the  geometric 
rigidity  of  the  triangle  and  composed  of  linear  members 
ubjec ;  mlyto  ixiah  ns  >n  m  compression, 


/  \  /  ~~ 


/ 


Top  and  bottom  chords  are  the  principal  members  of 

a  truss  extending  from  end  to  end  mc\  connected  by 

web  members. 

Webis  th*  integi  il  systems  members  connecting 

the  upper  and  lower  chords  of  a  truss. 

Panel  refers  to  any  of  the  spaces  within  the  web  of  a 

truss  between  any  two  panel  points  on  a  chord  and 

a  corresponding  joint  or  pair  of  joints  on  an  opposite 

chord. 


H  eli:  In,  i,  wei   >uppoi  -  d  mid  ami  truss 


Panel  poit l  k  myol  h  j  >i nl  >b  twei  i  i  principal 

web  member  and  a  chord,  A  truss  must  be  loaded 
only  at  its  pane!  points  if  its  members  are  to  be 
subject  only  to  axial  tension  or  compression.  To 
i  'i  want  second    \    tresse;   romd  \mloping    k 
i  •  'i.  id  i!  iw    oftru   >i  embei    mdtbi  lo  idal  i 
joint  should  pass  through  a  common  point, 


f      '!'■■      i 
I    J     y. 


Zero-fon  t  m  mib    » th    , ,  I  ii  illy    trry  no  direct 
load  their  <  n «  si  n  would  in    ilt<  i   !,    lability  of 
th<  tru  <sc  i  fig  in  tioi 


See  6.03  for  types  of  trusses  and 
truss  configurations. 


jjiji 


Vierendeel  trusses  are  framed  beam  structures 
having    mti  il  w  bm  i  ibers  rigidly   mnected  U 
pai  ilieltop  md  bottom  ch<  rds,  Vierendeel  tru  >  >es 
are  not  true  tru    esbec  iu  etheii  memb< v  -  in 
subject  to  nonaxial  bending  forces. 


A  beam  simply  supported  by  two  columns  is  not  capable  of 
resisting  lateral  forces  unless  it  is  braced,  If  the  joints  connecting 
the  columns  and  beam  are  capable  of  resisting  both  forces  and 
moments,  then  the  assembly  becomes  a  rigid  frame.  Applied  loads 
produce  axial,  bending,  and  shearforces  in  all  members  of  the 
frame  because  the  rigid  joints  restrain  the  ends  of  the  members 
from  rotating  freely.  In  addition,  vertical  loads  cause  a  rigid 
frame  to  develop  horizontal  thrusts  at  its  base,  A  rigid  frame  is 
statically  indeterminate  and  rigid  only  in  its  plane, 

•  Fixed  frame  is  a  rigid  frame  connected  to  its  supports  with 
fixed  joints,  A  fixed  frame  is  more  resistant  to  deflection  than 
a  hinged  frame  but  also  more  sensitive  to  support  settlements 
and  thermal  expansion  and  contraction, 

•  Hinged  frame  is  a  rigid  frame  connected  to  its  supports  with 
pin  joints,  The  pin  joints  prevent  high  bending  stresses  from 
developing  by  allowing  the  frame  to  rotate  as  a  unit  when 
strained  by  support  settlements,  and  to  flex  slightly  when 
stressed  by  changes  in  temperature, 

•  Three-hinged  frame  is  a  structural  assembly  of  two  rigid 
sections  connected  to  each  other  and  to  its  supports  with  pin 
joints,  While  more  sensitive  to  deflection  than  either  the  fixed 
or  hinged  frame.,  the  three-hinged  frame  is  least  affected  by 
support  settlements  and  thermal  stresses.  The  three-pin 
joints  also  permit  the  frame  to  be  analyzed  as  a  statically 
determinate  structure, 


t 


If  we  fill  in  the  plane  defined  by  two  columns  and  a  beam,  it  becomes 
a  loadbearing  wall  that  acts  as  a  long,  thin  column  in  transmitting 
compressive  forces  to  the  ground,  Loadbearing  walls  are  most 
effective  when  carrying  coplanar,  uniformly  distributed  loads 
and  most  vulnerable  to  forces  perpendicular  to  their  planes.  For 
lateral  stability,  loadbearing  walls  must  rely  on  buttressing  with 
pilasters,  cross  walls,  transverse  rigid  frames,  or  horizontal  slabs.* 


-a4 


Any  opening  in  a  loadbearing  wall  weakens  its  structural  integrity, 
A  lintel  or  arch  must  support  the  load  above  a  door  or  window 
opening  and  allow  the  compressive  stresses  to  flow  around  the 
opening  to  adjacent  sections  of  the  wall 


>* 


A 


r 


m  :;trim  nun-.; 


Plate  structures  are  rigid,  planar,  usually  monolithic 
structures  that  dispersi  ippliedload;  ii    multidirectional 
pal  ern  with  th<  oadsg^  i<  'ally  ollowingthe  I  irtestand 
stiffest  routes  to  th<    i|  !  »i    >.  A  common      mpl<  oi  a  plate 
strui  turei  •  j  reinforce  I  corn  eteslab, 


A  plate  can  be  envisioned  as  a  series  of  adjacent  beam  strips 
interconnect  d  continuously  ilongtheirl  ngths.A:  an  applied 
load  is tra  ismil  ted  ti  '  hi  one;''"  s,  I  hrough  bending  of 
one  beam  trip  the  load  i:  distribute;  ovei  th<  entire  plate 


by  vertical  sheai  ti  in:  mitted  fromtto  df :!.  cted  strip  to 
ad  icenl  strip;   •>>  bending  of<  ne beam  strip  \\eocau  >e  < 
Is",'.!  .ii"l  tran  >veres  strij  3  who&i  torsi  naire;  istan  e 
increases  he  overall  stiffm  softheplate  therefore,,  while 
bending  ind  tor  transfer  an  applied  load  in  th<  direction  of 
the  loaded  k  imsl  ':    tor  and  twisting  transfer  the  load  at 
ight  ,  i  jit    1*  Si  loaded  .  ri ' 

^pia1  hi  uli  b<  so.ua  <•  i,  J  ,  uai  sen  mi  hat  n 
behavesas  i two-way  tructure.  Asaplat  becomesmore 
rectai  julai  thansqu  ire  the  two-way  action  decreases  and 

!        i  i    ip  i  inin  i  thi    hortei    ii    h  mdeveb  p: 
because tl     horl  rpl  U    \  i|  *    i   stiffei  "  s    irryagreater 

,     i!  .         ftl 

Folded pla  ;  u  bus  n  &  m\  os  do  h  ,  de<  pel  ,s  1 1 
joined  rigidl  ilong  eiri  >\  ndari  ,  id  ....  ling  .harp,  ngl 
to  b  ice    ii  h  other  a<     istl  rtei  ilbui  kiing.l  ich  plane 

!  '!  ivi    i     !<  imii    hi  lorii lin  il  lira  bion  In  th<    ho  I 

Is   tioi   i  ■   >|  i1"  e  lu(  .  by  ai  Ii  foldai  tin    isa  igid 
support,  Transvei  <    trip  behav(  j    ;<t,i!s  uousbeam 
supported  it :  ildpoii  I    v.  ti    Idiaphi  gm:  or  rigid!  car 

i!    n  ifi  lded|  I  '<  igainst  d  form  itioni  I  thefol  j    >  I 
[■I-   puis  i ,  t  ffni    i of th     '0     ii   tionenabli    3  folded 
pi  it  s   <s,  i   .  1  ii-'-  ,    ng  li  -tani  es 


!!"' 


'Js;-~,.X,_ 


- 
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lies 


-    A  spa  (  ii. i  ni  i:  c<  mpo:  ed  ol  short  rigid  lini  it  el<  m  n1 
tri,  i"1   it«  li   thi      litis  n:  i  >n:    rid  >    ject  onl  toaxial 
tension  or  compi  *  ion  the  simplest  >patialunitofaspace 
frame  is  a  tetrahedron  having  four  joints  and  six  structural 
memben  f3ei  use  ti    \    hi  tural  ehavio   >f,   >pa<  •  I  am 
is  analogous  totl  it  of  i  'late;  tru  ture  1  >  upporting 
bay  should  bi     u  in  >i  ne,  "\  soman  to  en  i  reth  it  ii  a  ts 
as  a  two-way  structure,  Enlarging  the  bearing  area  of  the 
supports  increase;  tfa  number  of  i  :mbi  ':  n1  )whi  h  ?hea  is 
transferred  and  reduces  the  forces  in  the  membei  >.  See  6,\0 
for  more  information  on  space  frames. 


With  the  p  iiii  pah  tru<  tui  1    ens  nt;   >:  column, 
b  am  5l   •  i   II  ■,.  Ibea  ing  vail,  it  is  j  ossibh  to  form 

i  ',  rrtenl  •      ti  i  tu  ih  nil  i  \\   bl    <   i.  fii  ing    id 
enclosing  volume  of  s|  cefoi  labil  ition  thi    structural 
unit  is  th.  '  si(  b  (ildin  bloi  I  ortl     strut  tu  al  system 

n<     rati  :  rpnization  H    bull  in  j 

•  Hprizoni  if  spans  may!         ;i  ■ ,'       i  forced 


^ 


concrete  slab;  >rb    !  ,,  r  ds  hierarch    larran^i  n  n 

- '  jird      b  im      id  joi       m|  porti  ipl  ml     >i 

decking. 

Thevertii   I  support  foi       ructuralunitmayl 

provided  b\  h    !i     rin  wall;  o\        Ft  meworkof 

columns  ind  »f  n  i 


s  Planks i   i   cl  ig 

%  Joists 

•-*  Bean    « ■   in   i 

^  Slab'-  structure 

-»  Bearing  wall 

-*  Column-an     <  m 
frana 


I  i  d;  nen  *  n  ai  1  j-,'  pi  rtii  i.  ,     stru  tui  iluni    ,  b  • 
ifluence  the  select!      fa    jpp  opri    <   i|  *  ning<  /sti  i 


#N 


I' 


)n<    siy:  ■  ,.  m  oi  joisl    i-  ml  >,oi   lab    ire  mi  i 

( fficienl  whi     A  i  cti  ral  >,  s  in  «    I  fibular  —that 

is,  when  the  ratio  of  the  long  to  the  short  dimensions 

ji   i    r  than  1,5:1 — or  when  the  structural  grid 

generate;     lim   rpattei   o\  ,  'i  e*.  —-- • -— 
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A  two  /,  ly  lal  s  ippo  ted  b  foui  i  >lu  in . 
V  Fines  a  hori    p    I  layer  of:  p  ce    "" 

Theparall,  Inati      if  I  \dk  '  In ;  'alls  leads 
laturallytotheu    ofones    '  ./  ,  nin ;  ystf  m  , 
Because  I  •   Ibi     ngw  ill:  ire  m  >st    ft  ctivewlien 
supportii  ,,  unifori  ily  li  mribui    iload  i  i  \  ypk  ill; 
■imp-  ii      erie  (  jo    :  planks    ,  i  one  way  slab,  --- 
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>\ 


A  linear  ii    ,;.    orkofcoi  im  i     n  Ibi  msdi  rinesa 
three  dim  n  ion,  I  module  < '    <w     spa  >l  w  f  being  "" 
expan  edbo  h  horiz.      I     .  m    tically 

Two  load!     rin?    'all:  n  turn  II '  fin    i    xial     ^^ 
i  ire*  ision       *  .    »econdarya     -can      ieveloj  d 

■  .-  ■  ii  ul  r to  1  -  pi  mary    i  wi  hopi   ing 

within  the  I      n  n  ing  walls. 
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The  spanning  capability  of  horizontal  elements 
determines  the  spacing  of  their  vertical  supports,  This 
fundamental  relationship  between  the  span  and  spacing 
of  structural  elements  influences  the  dimensions  and 
scale  of  the  spaces  defined  by  the  structural  system  of 
a  building.  The  dimensions  and  proportions  of  structural 
bays,  in  turn,  should  be  related  to  the  programmatic 
requirements  of  the  spaces. 


Representative  Span  Ranges 


Planks 


10 


20 


50 
10 


40         50 


60        10 
20 


W 


90 


100 
30 


feet 

meters 


joists 

Laminated  beams 
Trusses 

Decking 

Wide-flange  beams 
Open-web  joists 

One-way  slabs 
Joist  slabs 
Precast  planks 
Precast  tees 

Plat  plates 

Two-way  slabs  &  beams 

Waffle  slabs 
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The  arrangement  of  principal  vertk  if  supports  not  only 
regulates  tfi ;  selection  i        an    ig    'stem  it  also 
iblishesl     possibilities fo    '.-  •    li  ring  fspa« 
and functii  i:  in,  bu idii  , 


Thr-  princip  Ip  iin1     ndlin<     )1   upportfori  structural 
'  I  mtyj  ically  lefin.     jrid.  The  i     calp    its  of  the 
grid  are  it-/ ,  i1  vhich  colum  is  and  I  adk  ring  wails 
collect lo  ■ '  from b    .  ,.  i  '  ith    h  i     n1  ilspann    , 
elements  n  d  h  inn  I  the    loads  vertu  illy  to  the 
p  und  fou  id  «,  -i 

The  inherenl  ge<  m  ti  )rdei  fa  grid  i  11  be  used 
inthedesi  jn  n  io  >s  to  initial  indi  ii  force  the 
urii  tion ,     id  ip,     i  org  ni  ition  d  il  uildmgde!  ign 


5ri  :i,  »:  nt ho  izorit  i 

beams  and  loadbearing  walls, 
Intersectii     o\  jridiines 


represem  theloca     is  ol  columns 
or concentrati  Igi  ivil  a  ,   , 

A  basic  structural  unit  or  bay  can 
be  logically  extended  vertically 
ong  c  i    eel    ilun  n  and 
h  )i  7m\  lib    on    la    pan    > 
imsandloadb    rine  '• 


Nonload  -.  ri  igwalb  i     /bi  pi     dl    lefinea 
variety  oi   patialo  nfig !i  iti  i     n     [low  a  I  uilding 
ob  m  ■<<  'I.  v  I  inn  ■    >n  ling  to  th  prof  imm  f  u 
requirements  of  its  spaces. 

Astru  tut  ilg  id  an     mod  i     I  <  ddi  i  n  >i 

ib  ractiontoac(  n  noi   r.    pi  cialn   ,'■    uci    s 
large  spat,    -    musualsi    conditions, 


Aojrfd  rn  y  be  reoj  la  ini  n<  ort  •  >di'i  :<  i<    > 

(a  iccommod  ite  hedii  lei  iioi  il  .  < !  i  sment  .. ' 

program  spaces, 


A  portion  >f  the  grid     ifo    islocal    '  'id  rotated 
about  a  pi  inti  i  h<   a  i  pattei 


Twoparalli  lg    I:  can  bi  'I'    tfromeai  u  other  to 
I  'el  pii    ;i    nin<  01  i  itei  titiaisp;       thatdefin 
k  ttern  <  i  movi  mi  nt  m  diat  between  iseri  *  o\ 
1  m i    •'«      01  hou  £  m  chanicals  rvices 

Whi "  wostrui  turalp  tti  rn  >    tn  <■;  fo  <  i  nv<  n  ntl 
igni  i  !  third  '.  meni  •  u<  h  i  •  ilo  •  Ibi   ring  i  ill  , 
medi  ting  >pa      i    fii  ;mgi  inedsj  mnfn  )sys1    «: 
can  be  used, 


Ii  m  nifoi  lorirrej  ul,    .i-  <  can  I     m|  \  »y  d  o 
reflectthi  hierarchi    lorfunctiona    •    ring i   spaci 
ithinal  uiiding. 
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Horizontal  diaphragm 

•  A  rigid  floor  structure, 

h  fug  i    ! »  ,    •'  t  >     !f . 
transfers  lateral  loads  to 

vertical  shear  walls,  braced 

.-• 

frames,  or  rigid  frames,  -.       ^ 
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The  structural  elements  of  a  building  must  be  sized, 
configured,  and  joined  to  form  a  stable  structure  under  any 
possible  load  conditions.  Therefore,  a  structural  system  must 
be  designed  to  not  only  carry  vertical  gravity  loads,  but  also 
withstand  lateral  wind  and  seismic  forces  from  any  direction, 
fhefollowing  ireth*  ba  i<  mechan  »n    for  ensuring  iatet  il 
stability. 


Rigid  frame 

-  A  steel  or  reinforced  oncret  frame  with  rigid  joints 
capable  of  resi  >ting<  hangesin  m<m!  'relationships 

Shear  wall 

-  A  wood,  concrete,  or  masonry  wall  capable  of  resisting 

h  i ,  .'ii  hap*  am  tn  n:  i  rring  later,  I  loads  to  the 

:'!|::-iil,.-|-i.-.i:r---i.i"-l'!':'ll 

Braced  fro  me 

-  A  timber  or  steel  frame  braced  with  diagonal  members 


L£>^ 


i  ,•..-,  bi  ■-  in ) 

Wl  n  i  ingi  ibl  ;bracin  tw<  in  ie«  ryti  <  nh  in 
structure  againsl  lateral  foi  er  from  either  direction.  For 
each  direction,  one  cable  will  operate  effectively  in  tension 
whib  i!  othei  would  simj  ly  buckle  H  rigid  b  cingi;  u  >ed 
a  certain  degree  of  redundancy  is  involved  because  a  single 
member  is   ipabb  of  s1  milizing  the  structure. 


./-> 


su,  of  the;     »ystei  i  may  be  i  ed  i  igly*  i 1  icombin  i1  on 
to  stabilize  i  tructur   Ofth<  three  vertii  il  ••/'-  mas,  a  rigid 
frametend;  i    bi  the  I  astefficienl  Howev  i  rigid  frames  can 
beusefulwhen  mploying     i  dfram      ,   I    ir  walls  would 

form  undesired  barriers  between  adjacent  spaces. 

Lateral  forces  tend  to  be  more  critical  in  the  short  direction  of 
rectangular  buildings,  mdmon  efficiei    M  ar  walls  >r  braced 
frames  are  typically  used  in  this  direction.  In  the  long  direction, 
any  ofthe  lateral  force  resisting  elements  may  to  used 

■>  Bents  are  braced  or  rigid  frames  designed  to  carry 
v  rtica  mdlatei  !  oa  I  tran  >vei  x  tot  «  li  ngthof  i 
framed  structure. 


To  avoid  destructive  torsional  effects,  structures 
subject  to  lateral  forces  should  be  arranged  and  braced 
symmetrically  with  centers  of  mass  and  resistance 
as  coincident  as  possible,  The  asymmetrical  layout  of 
irregular  structures  generally  requires  dynamic  analysis  in 
order  to  determine  the  torsional  effects  of  lateral  forces. 


nti 

irregular  structures  are  characterized  by  any  of  various 
plan  or  vertical  irregularities,  such  as  the  asymmetrical 
layout  of  mass  or  lateral-force  resisting  elements,  a  soft 
or  weak  story,  or  a  discontinuous  shear  wall  or  diaphragm, 

•  Torsionai  irregularity  refers  to  the  asymmetrical  layout 
of  mass  or  lateral  force-resisting  elements,  resulting  in 
noncoincident  centers  of  mass  and  resistance, 


The  center  of  resistance  is  the  centroid 
of  the  vertical  elements  of  a  lateral  force- 
resisting  system,  through  which  the 
shear  reaction  to  lateral  forces  acts, 


A  reentrant  corner  is  a  plan  configuration  of  a  structure 
having  projections  beyond  a  comer  significantly  greater^ 
than  the  plan  dimension  in  the  given  direction,  A  re- 
entrant corner  tends  to  produce  differential  motions 
between  different  portions  of  the  structure,  resulting 
n  local  stress  concentrations  at  the  corner.  Solutions 
nclude  providing  a  seismic  joint  to  separate  the  building 
nto  simpler  shapes,  tying  the  building  together  more 
strongly  at  the  corner,  or  splaying  the  corner, 
Seismic  joints  physically  separate  adjacent  building 
masses  so  that  free  vibratory  movement  in  each  can 
occur  independently  of  the  other.  ~  — ~~~~_ 


( 

•  A  discontinuous  diaphragm  is  a 
horizontal  diaphragm  having  a  large 
cutout  or  open  area,  or  a  stiffness 
significantly  less  than  that  of  the 
story  above  or  below. 


A  soft  or  weak  story  has  lateral  stiffness  or  strengt 
significantly  less  than  that  of  the  stories  above.  - 


A  discontinuous  shear  wall  has  a  large  offset  or  a 
significant  change  in  horizontal  dimension.  — - 
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Internal  damping  is  the  damping 
that  naturally  occurs  as  a  building 
undergoes  elastic  or  plastic 
deformation,  as  from  the  internal 
friction  of  a  stressed  material 
(hysteresis  damping),  from  the 
friction  between  two  moving  parts 
(f fictional  damping),  or  from  the 
viscous  resistance  of  a  fluid  such  as 
air  (viscous  damping). 
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Tall  buildings  are  particularly  susceptible  to  the  effects  of 
lateral  forces,  A  rigid  frame  is  the  least  efficient  way  to  achieve 
lateral  stability  and  is  appropriate  only  for  low-  to  medium-rise 
structures,  As  the  height  of  a  building  increases,  it  becomes 
necessary  to  supplement  a  rigid  frame  with  additional  bracing 
mechanisms,  such  as  diagonal  bracing  or  a  rigid  core.  An 
efficient  type  of  high-rise  structure  is  a  tube  structure  that 
has  perimeter  lateral  force-resisting  systems  internally  braced 
by  rigid  floor  diaphragms,  The  structure  acts  essentially  as  a 
cantilevered  box  beam  in  resisting  lateral  forces, 

-  A  framed  tube  has  closely  bfmceA  perimeter  columns 
rigidly  connected  by  deep  spandrel  beams, 

-  A  perforated  shell  tube  has  perimeter  shear  walls  with  less 
than  50%  of  the  surface  area  perforated  by  openings. 

-  A  braced  tube  is  a  framed  structure  tied  together  by  a 
system  of  diagonal  braces, 

-  A  trussed  tube  has  trussed  wall  frames  of  widely  spaced 
columns  tied  together  by  diagonal  or  cross  bracing. 

-  A  latticed  truss  tube  has  perimeter  frames  of  closely 
spaced  diagonals  with  no  vertical  columns. 

^  Bundled  tubes  is  an  assembly  of  narrow  tubes  tied  directly 
to  each  other  to  form  a  modular  structure  that  behaves  like 
a  multicellular  box  girder  cantilevering  out  of  the  ground, 
More  tubes  are  sometimes  provided  in  the  lower  portion 
of  a  tall  structure  where  greater  lateral  force  resistance 
is  needed. 

--•  A  tube-in-tube  structure  has  an  inner  braced  core  added 
to  the  perimeter  tube  to  improve  its  shear  stiffness  in 
resisting  lateral  forces. 

Damping  mechanisms  are  viscoelastie  devices  that  are 
typically  installed  at  structural  joints  to  absorb  the  energy 
generated  by  wind  or  earthquake  forces,  progressively  diminish 
or  eliminate  vibratory  or  oscillatory  motions,  and  prevent 
destructive  resonances  from  occurring, 

-  A  tuned  mass  damper  is  a  heavy  mass  mounted  on  rollers 
and  attached  to  the  upper  portion  of  a  tall  building  with 
spring  damping  mechanisms,  having  an  inertial  tendency  to 
remain  at  rest  and  thus  counteracting  and  dissipating  any 
building  movements. 

-  Base  isolation  refers  to  isolating  the  base  of  a  building 
from  the  ground  with  damping  mechanisms  to  allow  the 
superstructure  to  float  as  a  rigid  body  and  alter  the  natural 
period  of  vibration  of  the  structure  so  that  it  is  different 
from  that  of  the  ground,  thus  preventing  destructive 
resonances  from  occurring. 


'  ilurn  i    be,  m     >(ab    in !      ri       \\\sm    he  nost 
immonsl       uralel    en     »    n      >ftl      ctiline, 

bu  k  in  ...  > .-'  i     he^     e  capable  of  gem    I  rig,  Ihere 

are,,  howevei  other  means  of  spanning  a  d  enclosing 
I      ,  fh       n  ,. ,,  i  !!    01  cacti    « lem  i1     I   : 

through th  irsh        id*     metry, maf     Pfici  n1  tiseof 
heii   laterialfortl     !   ,  in<    «    ;  nned  Vhil    eyond 

th    •  o|       this  I  <    ■  .     i      iefl;       .  ibed  in  the 

following  section, 

I'hi    u   ,  un  •'*  tru  '.      i      panning  an  Oj 

designed  to  ppoi  iverti  (load)  ify  by  axial 
compn  is  ion.  They  1  nsi  -  I  v  rticalfi  <  >  of  a 
•  ippo  te<  od  nto  ncl  tedct  i  port  its  and  ran  m 
themtoabutmi  ntson  ith<  r  ideoi  the  irohway 


For  bendin  i  to  b     iminated 

d  rou  |hoi    in  ,  !'  !  lelin  of  thrust 

nu  t      ,  i     vitl  the.    haxi 


M  ison  ?archf    in  -  msti  *.    do\  Ind'w'h  ual 
wedq     hapei    to    or  brief   ous:  »ii    foi  more 
inform  i  ion t  in  isonry    ;'>  •,  - .   >,20 
Klql '  m  he  consi  A  o\  <  i  r\      rigid  true  ui  2 
of  timber,  steel,  or  reinforced  concrete  capable  of 
c,      inej  son    i  ndin§  -       es    - -~— — 


"'  ,s!i'"  ire  arched:  trui  tun    ,  i  .ton  •  brfck,  or 
reinforced  i  u    i    foi    ing    ceiling  or  roof  over  a 
h  ill  i  *on  «'i  othei  vh  o\  orpartt  l!y<  \c\      I 
E3e<  ins*  i '    H  boh  tees  a     i  in  icxten '  lina  third 
1  sen  m  th  loi  ejtudin  il  u|    h  i  u  m  lisniu    b 
,  tre  edit,    ountei    «  i  h  >u1  '  rd    tru  tsofthe 
arching  action. 


Thethrusl  oi  ma  h  d  structure 
on  ts  il  utmenl  =  is  props  rtional  U 
the  total  load  md:  pan  tndinvei  >ely 

pi  )po   ionaltf    I    riSi 


I  ai  ?Iva  lit  haves  mictn  ul  n    ,  >;  sei  tion     - 


roi  .'i .    '      ml      re  con  poun  Ivaul    I    n 
re  pi      ndicufarintei      tion  of  1     •  mil    i>  rmmq 
ireheddi  jon    i   isi    called     ins. .^ ^ 
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A  dome  is  a  spherical  surface  structure  having  a 
circular  plan  and  constructed  of ;  tacked  blocks,  a 
coutinuoi    rigid  ma     ial  like  reinforced  concrete, 
or  of  short,  lineai  elements,  as  in  the  case  of  a 
geodesic  dome.  A  dome  is  similar  to  a  rotated  arch 
i  xcef  t that <  sum    ei  ti  ilfon  ei  in  developed 
that  are  compressive  near  the  crown  and  tensile  in 
the  lower  portion. 


t  <  dional  1 1  e  a<  I  ng  ilonga  '.  ih<  •  rt  tion 
cut  through  the  surface  of  the  dome  are  always 
compressive  under  full  vertical  loading. 


1   r~\ 


i 


*■*  Hoop  forces,  restraining  the  out-of  plane 
movement  of  the  meridional  strips  in  the  shell 
of  adorns  are  ;<  mpn  >;  \  n  th<  upper  zone 
and  tensile  in  the  lower  zone. 

■*  The  transition  from  compressive  hoop  forces  to 
tensile  hoop  forces  occurs  at  an  angle  of  from 
it  hint"'  fro 1 1  th<  vi  rtic  ilaxis 

-  A  tension  ring  encin  lestheba  >e  of  a  dome 
toconi  lii  th<  >u1  ...i.!  o  ipoiii  ntsofthe 
m  ridional  forces.  In  a  cones  te  dome,  this 
i  ig  sthii  keni  x  in  if  :ii  for    It*  handle  thi 
■  •  nding  t    i5<    causedbyl     dil  i  ingel,  mi 
deform  ith  i  ol  th  rin  j  and  shell. 


<  1    ' 

/\ 

"'tsf:^csi/f 

Schwedle  d  a-  iai ;  be  I  lom<    true  lures 
having  mm  iber  that  1  )llo\  the  lines  of 
,  titud    indlom  iti  d,    md  i  i  lird  «  ;ol 
diagonals  completing  the  triangulation. 


i  rttic    lome;  c    iteei  dom<  ^!  m.  tun 

having  members  that  follow  the  circles  of 
in  it  ad;    md  m  sets  of  diagonals  forming 
«  m   o\    osci  lestriangb  . 


Geodei  i    lomes  in  •  teeldon  e  structures 
having  members  that  follow  three  principal  sets 
o\  gr  ,il  circl  •  ntei  ectingal  6(      ul  liv  ling 
the  dome  surfam  intoas*  rie:  ol  equil  iteral 
spheri  iltriangl 
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hell    ire  thin,  cun      »la1      suctures  typical 
construe!    iofreinf<     ,    ■     •       Fheyare 
shaped  to  transmit  applied  forces  by  membrane 
stresses' — the  compressive,  tensile,  and  shear 
stresses    Ditii  in  i     plai    atheii  surfaces, 
A  shell  ca     istainrel    *    <  large  forces  if 
unii  mil  /  ipplii  Lf3ecaus       tstl  inn 
hi      it       hell  has  little  i    dingi    i    .  ,• . 
and  is  unsui     -leforcoi     itrate<  loads. 

*   Iran:  1  iti  >n  il  url  ice;  in  r  n  r     d    / 
Ji.'.r  i    pla  ie<   i  •  ilong  i  traightlineor 
'    ranotiiei         curve    — — — 


Ruled  sui  a  ;e  -  n   generated  by  the  motion 
of  a  strati  I  lim  I3ecai  sei  fh  ;    might-line 
geometry  i  ruled  url  ice  is  •,  nei  illy  easier 
to  form,  ndconsl  ictthan  irotatii  n  il< 
,    |5|  tion  I  si    \a    ~— ————--_. 


barrel  sh<  lis  are     indi     1  ,! .  i1 
structure;  !  «  i<  eriejl  ioI  -barrel 
helli;  i  trei  <  i  mo    time:  it: 
S  in «     ii  spai ,  itbi  havr      ■   di  ;p 
b    mi  ithacu  v  d  .  tion  spa    im 
in  the  Ion  itu  in, '        ti<  i  H  it  is 
n     ivelyshj     il     hibit:  ircblike 
action.  Tie  o    (  verse  rigid 

frames  are  required  to  counteract  the 
outward  thrusts  of  the  arching  action. 


-  hy  >erbi  lit  pai  sboloidi    i  uri  ici 
g  lei  tedby  ii ! p.  ip  ,    ol 
with  domimrd  curvature  along  a 
i  i  ibol  '  |!  i'      rdcui  'atu  e  » 
by  sliding  r  •  ti  lighl  litii   •<  |i  i  n1 
i1   i1   end  on   vo  kewlii    > 
It  can  be  con  >\de\    In  k  both  a 
translational  and  a  ruled  surface. 

••<  II;  suri  icesh  iv   in  pward 
.  u    itun  in  01   , '  ei  tion,  i 
a  downward  curvature  in  the 
perpendicu  .  ,  i  ection  In  a 
•    Idb  si  '  \c  d  hell  structure, 
i.  |ion!  o\  d(      /a i  h  i     itu 
exhibit  archlike  action,  while 
regions  ol  ipward  curvature 
bi  a  a  as  ic  bl    .  i  cture,  If 
ihi  edges  ol  th<  surface  are  not 

upporl  ./  b    mbeh  ivioi  ma) 
also  be  present, 

A  one-she     hyperbol  iidisaruled 
surface  generated  by  sliding 
an  inclined  line  segment  on  two 
horizontal  circles.  Its  vertical 
tion;    i   hyp   bo!    . 


,    •  1  on,  I  suri  leratedby 

i  n  iti ,    i  plan  curv   iboul  in  xi 

Spherical,  •  liip  .1  mdp   .  boliedome 

urfao     •   .  tuples  oi     ;  I  m  i  -urfaces 


?ji    ami  simiaim'S; 


7 


to 


Cable  structures  utilize  the  cable  as  the  principal  means  of 
support,  Because  cables  have  high  tensile  strength  but  offer 
no  resistance  to  compression  or  bending,  they  must  be  used 
purely  in  tension.  When  subject  to  concentrated  loads,  the 
shape  of  a  cable  consists  of  straight-line  segments.  Under 
a  uniformly  distributed  load,  it  will  take  on  the  shape  of  an 
inverted  arch, 


.d 


Guy  cables  absorb  the  horizontal 
component  of  thrust  in  a 
suspension  or  cable-stayed 
structure  and  transfer  the  force 
to  a  ground  foundation,  -— _ 
The  mast  is  a  vertical  or 
inclined  compression  member 
in  a  suspension  or  cable-stayed 
structure,  supporting  the  sum 
of  the  vertical  force  components 
in  the  primary  and  guy  cables, 
Inclining  the  mast  enables  it  to 
pick  up  some  of  the  horizontal 
cable  thrust  and  reduces  the 
force  in  the  guy  cables.  .._,_<:. 


V- 


A 


ill 


p— 


-  A  funicular  shape  is  the  shape  assumed  by  a  freely  deforming 
cable  in  direct  response  to  the  magnitude  and  location  of 
external  forces,  A  cable  always  adapts  its  shape  so  that  it  is 
in  pure  tension  under  the  action  of  an  applied  load, 

■*  A  catenary  is  the  curve  assumed  by  a  perfectly  flexible, 
uniform  cable  suspended  freely  from  two  points  not  in  the 
same  vertical  line,  For  a  load  that  is  uniformly  distributed 
in  a  horizontal  projection,  the  curve  approaches  that  of  a 
parabola. 

Suspension  structures  utilize  a  network  of  cables  suspended 
and  prestressed  between  compression  members  to  directly 
support  applied  loads. 

-  Single-curvature  structures  utilize  a  parallel  series  of 
cables  to  support  surface-forming  beams  or  plates.  They  are 
susceptible  to  flutter  induced  by  the  aerodynamic  effects 
of  wind,  This  liability  can  be  reduced  by  increasing  the  dead 
load  on  the  structure  or  by  anchoring  the  primary  cables  to 
the  ground  with  transverse  guy  cables. 

■*  Double-cable  structures  have  upper  and  lower  sets  of  cables 
of  different  curvatures,  pretensioned  by  ties  or  compression 
struts  to  make  the  system  more  rigid  and  resistant  to 
flutter. 


Double-curvature  structures  consist  of  a  field  of  crossed 
cables  of  different  and  often  reverse  curvatures,  Each  set 
of  cables  has  a  different  natural  period  of  vibration,  thus 
forming  a  self  dampening  system  that  is  more  resistant  to 
flutter. 


Cable-stayed  structures  have  vertical  or  inclined  masts 
from  which  cables  extend  to  support  horizontally  spanning 
members  arranged  in  a  parallel  or  radial  pattern. 


CSI  MasferFormuf  13  31  23  Tensioned  Fabric  Structures 


Membranes  are  thin,  flexible  surfaces  that  carry  loads 
primarily  through  the  development  of  tensile  stresses. 
They  mi  i\     uspended        el        bei  •   5,orbe 

supported  by  air  pressure. 

Tentst.li,-     5  are  membranes        ire  that  are 
prestressi    I      •    nally  applied  fi    e:     id!  Idcomplet 
tautnnid.  rail  anticipated  loa*    ondita      1    ivoidextren 
ha  htensilefoi       merril    ,     tructuresi I  ,i«  |    . 
.i  i    wel         pcurvati      inopposi     lirei  tions. 


Pneumatii    tractun     i     icml      <     ructu  :s  that  are 
»lac<  I  in  i  n  ion  n<    :  bilize<   \q  ins  win ,  nd  snow  loads 
y  the  pn     ure  of  compress     lir.Them  ;mb  i    is  usually 
a  woven  textil  •  -  jlass-fiberl  brie ^  oa1  dwitl  \  synthetii 
material'.;"!"  is  >ili<  n    franslueen  men     tries  provide 

tui  lill '  nii  iti  her  solar  radiation  in  h<  vinl  i  .  n< 

cool  the  int   iorspac«     ;ni  is  !    flecl  ir,  m<  ml  r;  nes  reduce 
>  lar!         ii   '•     caelm      i     ipl    eai  to im  >i  v 

the  thei  in,  Iresi     nee  of  1     structure. 

fhei     i     •  'o  ind  >o  . ,  mm,    c    i      un      ir  >u|  *oi  ,  ; 
tru  tu      mi  iii    ifl      '  stri  ecus  » 


Met  ibi  im  'in  steel  <    'iestransi  iii 
■  ternal  *adst(  t  ;,<* ,    md     >un< 
nchoi  iby  m  'S'1,   ftensili  .  <  e 

Reinforcin     ig<  cabl      tiffen  the  free 

edges  of  a  tent  structure, 

Themembr;  i.  m  ly  be  •  •;;«<  the  mast 
ipportsb     i  iirl  -,.  i '.     ibd  loop  or 

''  streti  hi  ios  -   di  ti  butioncap, 

Themasl    i     lesigned  to  resist 

i  in  klinrji  nd     o\  \\       ivel  .  -See 


Some  ail   »uj  ported  stri    un 
useanei   f<   bb    piai  din    nsion 
bytheinfla  nc;  force  to  restrain 
the  men  in    le  from  d     loping  its 
natural  inflated  profile, 


Air-suppi  rtedsti      i  .      i      ti      single  membrai 

support--  «•      ii  lairpressu      ightl    igherthan 

normal  an  losph      p  uresandse<      !       lured  and 

.-.  I  :    lo  gthi   ierii  i  tei  k  p  evenl  leaking.  Air  lock    i 

■   juii  d     enti  ince;  n  iii  ■    i  thi  n1  n     iir|       «un 

Aiminflatf  I    ructi       sresuppi    ed!    pre  airi  edair 

bin  •     .-  bi     i   ,    mi         la       lemerri     i     haped 
to  carry  oad        •        ionalmann       lilel     e\  iosed 
volume  of  building  air  remains  at  normal  atmospheric 
pressui     he  1  n<   n      >i     loubl     h  nl     ii   >1  uctureto 
bub]  in  tl     " .     is  i  i  compression  ring  or  I 

ii  tern    ti    o    liaphr  gm 


tsi 


l€  # 
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X.             \rW, 

I J 

-  Butt  joints 

i 

a 


Interlocking  or  overlapping  joints      j  Molded  or  shaped  joint 


1  1 
1 

4J 

i 
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f 

j  s 

i     ; 
!    J- 

i 

Point  connector;  boit 


Linear  connector;  weld 


jurface  connector;  glue 


f3o!ted  connections 


l  i 


I  re  is1  <  on<  ret*  a  nne<  fcioi  • 


!) 


Wi  \dt  Isteeh  onnectiom 


Reinforced  concrete 
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The  manner  in  which  forces  are  transferred 
from  one  structural  element  to  the  next 
and  how  t  strut  ti  ral   /si  ?m  f  rform  >  i 
whole  depend  to  a  great  extent  on  the  types 
of  joints  in I    nn<  i  on;  u  ?d  Structural 
elements  can  be  joine ;  toea<  bother  in  three 
way    13    !  |oin1    il  "  on<  of  th  elements 
to  be  continuous  and  usually  require  a  third 
mediating  eli  menl  tomak(  Ik  connection. 
Overlapping j(  n  s,  II  s,c  Hoi  thf  conne<  ted 
elemenl    (   by      »ea<  h  tl  erandbe 
continuous  across  the  joint.  The  joining 
|,i  lent:  (  in  iis<  bem  Idedi  ■  >h  sped  t  >  arm 
a  structural  connection, 

fheci  nni  i  >n  used  u  j  >in  thestna  ui  I 
elements  may  be  in  the  form  of  a  point,  a  line, 
era'  urfa  >  V  hili  liri*  m  in<     trfac<  I  /p<    * 

connectors  re:  is1  rot  ition  point  connectors 
do  not  Lin'  i    i  series  ot  >n,  ni  distributed 
across  a  large  surface  area. 


Pinned  joint     !    ,     callyall  w  rotation 
but  resist  ti  msl  tioninanydii  '<  Won 


^  Rigid  i  ixed joints mairrl  sin  the  angular 
relationship  between  the  joined  elements, 
restrain  rotation  and  translation  in  any 
lira  ti<  m  ind  provide  both  f <  rci  md 
moment  n  si  ;1  mc> 


,  !    joint  al  •   rot  itioi    m  mi 
translatiot  in  idii    ti  >npe  /otidreular 
into  ot  away  from  their  fa<      My  m  not 

i  ipli  yedinl  uildingi  m  i  i   Dion  v.  often 
as  pinned  or  fixed  connections  but  they  are 
useful  when  a  joint  must  allow  expansion 
and  contraction  of  a  structural  element  to 
occur, 


A  cable  am  I  >rag^  ill  \    t  )1  il  ion  but 
resists  translation  only  in  the  direction  of 
the  cable. 
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Superstructure  •  •- 
See  2,05-2,10  for 
mil '  ngl  w s 


Ancboi  i  j<  requi  edton  ii  I 
lidingj  plifl  01  ovi  rturning  - 


'  substructure 
Foundation  — 
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r 
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The  foundation  is  the  lowest  division  of  a  building — its 
ib »'  rucl  ure — constructed  partly  or  wholly  below  the 
surface  of  the  ground.  Its  primary  function  is  to  support 
and  anchor  the  superstructure  ibove  and  transmit 
it;  loads;  ifelyinl  )the s  mth  da  i  is    '    em    a  -a 
critical  link  in  the  distribution  and  resolution  of  building 
loads,  the  oundation  system  must  1        igned  to  both 
accommodate  the  form  and  layout  of  the  superstructure 
above  and  respond  to  the  varying  conditions  of  soil,  rock, 
and  water  below. 

The  principal  load  on  i  foundation  ireth    ombinationof 
d  ! ;  indliv  ;l  idsacti  jvi  !   -  Ny  on  th     iper:  tructi  i 
In  addition,  a  foundation  system  must  anchor  the 
superstructure  agaii   t  wind-induce*    tiding,  overturning, 
anduplifl  withsl  ind  I    md  lei  jroun  )mo<    n  ml   <  I 
an  earthquake,  and  resist  the  pressui  :  impo  >ed  by  the 
urrounding;  >ili  i  is  >  indgn  undwati f  on  ba  emi  n1 
walls.  In  som  case;  a  foundati  >n   /■  emrna^  il  >ohaVi  to 
a  n !     thf  thru  i  ft  m  i  eh  <\t>n>  isil    -trm  tui  : 


\ctive earth)  res?  ure  ;  rtedby  isoiln a 

casern  nl   /all 


Supporting  soil  or  rock 
See  1.05-1.09  for  soil 
properties  and  mechan 


iff 


I 

f 

* 

*    * 

n 

Passive  earth  j  . i    ire  is  developed  by;    oil  mass  in 
i  spon  etothi  hori  on  ilm  /ement  of  a  foundation, 

Lateral  forces  can  cause  the  foundation  to  impose 
nonuniforn  \m.  v,  \n    n  th<  supporting  soil, 
Some  shear  resistance  is  provided  by  the  friction 

between  the  foundation  and  the  underlying  soil, 


hru:  I  from  irchedot  ten  4  strm  tures 


Settlem  mt  is  the  gi    iwi    i  ■    lin    ■      trui  weasthe 

III    i.     hi    foun    Won  con    id  ;~      n    i       in  \ 
As  a  bufh    •;'     i     •    led     ,,       CI    nent  is  to  be 
expected      h  lo  ,   m  h  foi  nd  itionii     asesand 
causes  a  redu<  tionin  ■  !..-  volume  %    »il  \  ids  ^   i  ;,  inin. 
air  or  water.  This  co  i:     -.hi''1!*  ;lii  ht  and  oi    « 
'„!,:.  1 1.  iii  i  i,      :  •,!     ■,  •  -  'i.  '.        i       ■''•,. 
.  h  ha  -M     5i     Hi      !  ,.,  •  i  Wh  i  >:      md  iti<     <  ili 
amoi     "  .    ■  eel  >  whic  s  has  a     ile-lil     ,,  ii  tui     rid 
'  i  -  tiv  '      .,  i.  rci  nt,  §i  of  voids,  i  in ,  i    tii    can  be 
.  uitei  irg    mi  i.    i     owh  ov*  >s  t  on  ,<   p  rio  loi  time. 

Ap  ^!j<  lyi     gnedand    mstrud    1  foundation  iy<  i   n 
shoulddistri  i     itsk  id    c  thai   ^  itev  i  ■■>  t  em  n1 
■  cci ,i     mini  i  lot  isunii     ilydi  tribul  dun  lerali 
portion;,  o\  i  i<  31  uctui    fhisi  a  com  ii  t.'  by  laying 
oui  i  ndpn  i  ortio  ling  th  found  fcioi    up  >ot  :    othatthey 
ti  ,i  ,i '    ii  eq  i    k  dp<  runi    ireatoth    upj    til  i    )il 
or  rock  with  i      ;<  i    ngil    n    ingcapa<  ity 


Settlement 


onsolidai   i 


v 


Diff  rentia    ettfemenl      tl    i  iv  ,   ■•  \e  i1 

i !   iffei  n1  part;  -  •  istru  tu «  caused  by  uneven 

consoii    tii  nol  the i  >i  n<     i  i      can  u        i  j.;.  i  j 

to  hH    >utof  plumb    <      «  to  occur  in  its  foundation 

structure,  or fini  lies,  I       rem  ifi   en  il  ettlement 

,  m  n  ul  inthi  '  iiiu     'ft!     tructuralii  [rite 
building, 
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Foundations  utilize  a  combination  of  bearing  walls, 
columns,  and  piers  to  transmit  building  loads  directly  to  the 
earth.  These  structural  elements  can  form  various  types  of 
substructures: 


Basements  wholly  or  partly  below  grade  require  a 
continuous  foundation  wall  to  hold  back  the  surrounding 
earth  and  support  the  exterior  walls  and  columns  of  the 
superstructure  above. 


Crawl  spaces  enclosed  by  a  continuous  foundation  wall  or 
piers  provide  space  under  a  first  floor  for  the  integration 
of  and  access  to  mechanical  electrical,  and  plumbing 
installations, 


II  I 


Concrete  slabs-on^rade  supported  directly  by  the  earth 
and  thickened  to  carry  wail  and  column  loads  form  an 
economical  foundation  and  floor  system  for  one-  and  two- 
story  structures  in  climates  where  little  or  no  ground  frost 
occurs. 


A  grid  of  independent  piers  or  poles  can  elevate  the 
superstructure  above  the  surface  of  the  ground. 


We  can  m  is  ,  I   found  ition    "•        inl  *  two  broad 
-    ,    >ri         hallow foundatioi     «• ,  :    ■      indal    <■ 


Shallow  Foyndofions 

!  r      !  fi   nd    'i     e  employed  whei        ,    «  ! 

ol    l(  [u  i1   bi   rin§    pa«  ity      ur:     lativehj  near  to  the 
ground  su  Face.  The;     s  placed  directly  b<  lowthi  I<  west  part 

ofasub'  i       ui    "  ■  i    i         "-: '.  '■  d  >d\\  <  tlytothe 
•  upp  rtinoj  soil  by  v<    i    (pi     ?un     — —  —    . 

Deep  Foondatioiis 

di  pfo  ndati  >nsa    en  ployed  h  i  th  • .  il  md  iyln    i 
f  m;„;,  tioni  unstable oi  o  ina  iequatt  b<  iri  )^  cap      y.  fh 
( .  ,i  Idowi  throi  h    ,  iis  ,1    ioil  t<     in     i  bi  i[  lingloa ,  - 
to  a  more  tppi  priati  I"  irin<    tr  turn  f  ocl  o\  \ensi  sands 
and  grave     '<  I1  bi  low  1 .1    >upei    ructure.    — — _„_ 


Factors  1  >c< n  1  ••  ■  in     led  n§  n  -    ;i  ,1  ngth< 
I  /p.  - 1 1,  I'M,  ..ii!  -1  v  tern  fi    ibuiL  n,  nclud 

*  I     u  rn  ii  d  n  gnitu  I  \o\  uildin^l  ?a< 

*  Subsurf  ii  e  *f '!  jroun<  wa  erci  ndition 

•  Topography  of  the  site 

•  mpa(   on     jacentpi        k 

•  Building  :oc\t  require  n  nt: 

*  su  r  ruction  method  ndris! 


Thedesifj'1  fafounda    1    /stern    quires  pi  rfes  >ional 
1 1  ilysi     n  Idesi  ;n  »y  iqi  ilifi  d structural ei  )in    .  ,! ,    . 
desip  ;  a  /thin<  oth«    I    n       \q    I  imil s  '.  i,  * 
stable  soil  itisals  v.  is  bl<  ti     n  ,  •;-<  t   hi  c; !  ngh 
un<     al        ib  uri  iceinvi    Ration  in ordi    odf     n  1  . 
m  tyj -    ,-:<  12  n ! -i,  >n      temi    [ui   d  forthe 

building  design, 
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Underpinning  refers  to  the  process  of  rebuilding  or 
strengthening  the  foundation  of  an  existing  building,  or 
extending  it  when  a  new  excavation  in  adjoining  property  is 
deepi  rth  in  th  exis  ingfot  wdi  tion 


foprovi  le  tempi  >•  ry  i  pporl  whih  anexisti  ig  found  i  ion 
is  repaired,  strengthened,  or  deepened,  needle  beams  are 
pa      i  i  roi  c'    foun '  tion  m  II  indi  irri  dbyhydi  r  li< 
jacks  and  shores. 


Another  m-  thod    :  1 1  ,ii  ling  tempon  « /  >u|  port  is  to  dig 
intermittent  pitsund*  t  Vnt  existing  found  itiondown  to  the 
level     tl    ni    footin       I    i  tin  u  >l  und  rtioi   /all  if  ' 
footing    <    on    ire  placed,  addi  \o\  \\\  •    !-  du  |  until  the 
entii     'all  has  been  de?  pened. 


II 


An  alternative  to  extending  mewfoundal  o\  wal  and 
placing  tie  'foot  rig  i  -toconstru  ;1  "it  >o\  caissons  on 
i  ith(     idi  • !  hf   xi  ting  h  und;    on  removi  i<  ei  tk  *  of 
foundation  w  «;!  andrepi  a  the  ei  tion  ,   h  i  reinforced 
concrete  pile  cap, 
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'  >   itl    !•'  .1  ling  >i1       •»';!',''     that  1       \ 
anexcava  ion  .  :.,;'<    enchl         ,;•    >l  n  .*     tan     ,!  I 
than  the  a  igleofn  osi   i    ti     oil,  n    i  pp<  s       tructure  is 
VI  ei  the  sides  oi     '  ,  pext  «    ion    ceed  the ;  .,«' 
•     po:    f<     I      )il  how  ■/,  r.theea  th  nu;  tbetei  pi  r,  si, 
braced  01   i««  ed  u  itil      ■ .  '    nenl   on  trui     >i  sin  place. 


'  i       King  consists  ofti  or  precasl     nci  - 

planksdf  vt  i    rti<  «ii  'si s  by;  d  ton  i  til  earth  and 
pi  •  ntw    erfroi      ,   ii    into  in  xc,        n    ...    md 
»i     i  >    inci    (    heet  piling  may  be  left  in  plao     >par1 
fth     ibstructu     rt    building     __ — _— — — 


<  ( iiei  piles  ii  bi  inn  are  steel 
tfseetk  >     Irivi  ivei   <  ii  dnl  >th 

ippos   lis  i'    '    I  fa  /,:  ig 
tagging,    re  to  the  h  avy  timber 
planl   join  I  tog  th  i  sid  by;  di  to 
1  ,  iii  di  ha  o\  in  ,    vation 


Tiebacks  secured  to  rock  or  soil  anchors  (CSI 51 51 00)—-— 
m  ybeu;  ;d if cros  bi  icing  or .  itai  . woul  lint:  rfere with th< 

excavatio,  .   <  >n:  I       mof     tion  th    iebacl    consist  of 
teelca! ,.    ortend  m  ith  :i  arein  ert  id  ii  to  holes  predrilb  I 
.  ii  >ugh  the  sh :  i  riling,  n  linl  m.  '  ir  i  >\  11  ibl  :  ti  ii  im 
of  soil,  grouted  under  pre;  me  to  anchor  them  to  the  rock  or 
soil ,  ndp<  s1  tensi<  f  d  vfthahydi  n  Iff  jack,  fh  tiebai  <s 
are  then  secured  to  continuous,  horizontal  steel  wales  to 
maim  iin  th  •<     ion. 


Sheet  piling    i<    oldi    beams  with 
':  vi  ,,  resuppi  rtedwitl  continuous 
horizon  >l  n  lest  \    I  by  I  3rizon1  ii 

[cros;   racii  \or  ydi  gon  ' 
steel  rakei  d<     in  (l  nbeel  blocks 
or  footings, 


A  slurry  wali(C5l  31 56  00)  i    i concrete    ill  ca  tin  a  trench 
to  serves'    h<  ting  and  >ften  :    pei  nanen  foundation 
wall.  It  is  i  msti  icte  '  ,<  wm,    ng  •  ti  nchin  hort  I  m ;  h > 
fi  ingil  /ith    ilun   « I  bents  niti  in  I  mit.   topreveni    i 
idew  11  >fron  •  (lap  i  g    ettingi   ni  i  a  m  n     nd  placing 
<  ncn     in  thi  ti  nc  iwi  hati  mt    odisj    a  th    >lu  y 


|£^s! 


!  i    im  wa  ei    ibt 


Dt   ateringj    >!31    i    o)  refers  to  th  proi  •    ol !  m  ri  ig 
awatertabt  c  f  i       ting  an   tcavati     roi   filling  with 
,,,  •(,, !  /a1  ;i  ltisa<      i  Ii  h  *'•>  Irwing)  ri  rai  dtu 
,  lied  wi  llpoinl   into  thegn  u  i  Iti  <  >lled  ,'-  bet  fro  n  ti 

.     ui  iing    ■  :  ;oi        b<  yumped  iway   —~- — — — — 


s  t   .'  ri  imping 


CSI  haste       •■  •        '       ExcQvofion   upporl   ,«   .    re    on 


t)J8     SH&IPOW  roiIiPMIfli! 


iVT-,-:,:ft 


The  lowest  part  of  a  shallow  foundation  are  spread  footings.  They  are 
extended  laterally  to  distribute  their  load  over  an  area  of  soil  wide 
enough  that  the  allowable  bearing  capacity  of  the  soil  is  not  exceeded, 
The  contact  area  required  is  equal  to  the  quotient  of  the  magnitude  of 
forces  transmitted  and  the  allowable  bearing  capacity  of  the  supporting 
soil  mass, 

-  d  for  unit  masonry  wails 

•*  d  for  concrete  walls 

"*  Critical  sections  for  shear 

"*  Compression 

■*  d  ~  effective  depth 

•*  Tension 


j ;  u 


--  Concrete  having  a  minimum  compressive  strength  of 
2500psi(17kPa)at2odays 

^*  Longitudinal  temperature  reinforcement 

^  Tensile  reinforcement  is  required  when  a  spread  footing  projects  more 
x     than  half  of  the  foundation  wall  thickness  and  is  subject  to  bending. 

x»  6"  (150)  minimum  above  steel  reinforcement 
'y  3"  (75)  minimum  clearance  between  reinforcing  bars 
and  concrete  surface 

When  footings  for  light  frame  construction  bear  on  stable,  noncohesive 
soil  and  transmit  a  continuous  load  of  less  than  2,000  pounds  per  lineal 
foot  (29  kN/ffl),  they  may  have  the  following  cross-sectional  proportions, 

— *  Thickness  (T)  of  concrete  or  unit  masonry  foundation  wall 

supporting  two  floors:  d"  (205)  minimum 
x-  Projection  ~  V2  T 
^  Thickness  of  footing  =  T 
>•  Width  of  footing  =  2T 


••""   -:#s 


wMWM 


To  minimize  the  effects  of  ground  heaving  when  groundwater  freezes  and 
expands  in  cold  weather,  building  codes  require  that  footings  be  placed 
below  the  depth  of  frost  penetration  expected  at  the  building  site, 

-•  Frostline  is  the  average  depth  at  which  soil  is  frozen 

or  frost  penetrates  the  ground, 
*  12"  (505) 


To  minimize  settlement,  footings  should  always  rest  on  stable, 
undisturbed  soil  free  of  organic  material.  When  this  is  not  possible,  a 
specially  engineered  fill,  compacted  in  0"  to  12"  (205  to  305)  layers  at  a 
controlled  moisture  content,  can  be  used  to  make  up  the  extra  depth, 


Th ;  mo  >t        ion  forms  oi  >pn  <  foo  i  igs  restn 
I  •"■  si  " „    ,  >ol  !     '« ••'.'.'. 

'  Strip  foo  ,   '    ;  ■  ntlnuous 

spread  footl  js  I    *und    i  i  walls. "~" ~~" 

Other typ     *f  spread     iti  ig:  ini !  d        Polio  'iw 


itep|  ";  foo  ing    ire  it  ipfoo  rigs  thai « Iiange 
fevelsinsl    j  sto,    om  nodati  i  loping  , «  d\ 
and  mainl  iin  h<  require  V.  pth   ;  all  points 
around  a  building, 

Acantib  i   i   traj  footing  on  >ist:  of  a  column 
footing  to  inectf    by  a  tic  be  i  i  to  mother  footing 

i    derl      ilanceai     ymrrii    ically  mposedli  d 
A  combine  !  fo<  ting  is    reinforced  conci  ;te  looting 

01 «  peril  i«  >'!  fourii  iti  re  <alh   col  imn  x1  nd  d 
h    uppori   ninterioi   olumnload,    .--— 
Can  I  '( ,  ,im  i  imbi  e  fo  >1  ngE  re  often    «  i 
when  ifoundatioi  abuts  a  property  line  and  i1  i< 
not  pi    iibli  to  construct    -  /m  netrically     <  ed 
footing. )(  pi  ;ventthero1  ition  or  differentia  I 
settlemen    ha1  in  i  /mmetric  f  to   iin  condition 
can  produce,  continuous  and  cantilever  footings  are 
«  op<  tioned  to  jerii  i  i1   unifi  rms  Ip  essu  ■ 


Isolated  footings  ire  the  individual 
spread  footings  supporting 
freestan,  ng<  >li  mi  >  indpii  rs 

■'  i  onti!  uous footing!!  a 

reinforced  concrete  footing 

extended  to  support  a  row  of 

columns, 

A  grade  beam  is  a  reinforced 

concrete  beam  supporting  a 

'earing  wall     -  rn<  11  grou  i ' 
level  and  1     •  f<  ring  the  load  to 

iolal  ?d  fo  -  ing:  piei  >,     pit  s 


ft 


\n   t<  i     fl  i  >i  n '  ition i  .athicl  he,  -r, 
ra'nfon  ed  oncretesL  bthat  »erve  *as  \  >ingb 
monolithic  •  >  ngfoi    n    ibei  ofi    urn  is  or  an  - 

n  ii    >u  Idi  i    Ma,1  foui  d    ion  ■  ir  u  <  lwh<    i  < 
allowabli  be  iringcap,  i  ity<  fa  oundation soilis 
oi     '<  ti '«  ti    ull  Iin  i«  id    nd  fn  ,  ri<  i   olumn 
footini  •      ome  so  large  that  it  b<    ,  - 

onomii   H   m   <    th    ilnti  i  ingi  • '  ib  I « i1 
I   ind  it-ions  i     '  •     iffene.     ,     ;,  loi  rib; 
beams,  or  walls, 

A  floating  1  i  n,    Dion  i  •  !:;  yiel  ling  soil,  has 
for  its  fo  itii       latpl    d  Ii  p       ighi  latth 
weiglrl  >f1     m  rated  o\\\  equal!    orqn   ter 
than  the  wei      •  I     >  n        Won  sup  sorted,  ,_. 


m 


CSIM    ferl  rmat  03  30  0      isl      k  e    m      s 


t,?.';  ::■--::■  i[,"l    Afa  |  1 


I  (t  ii.ii  mridati  >m  all  itieasl 
6"  (150);  b<     <•<  ii;  h  ;i  tde when 

supporting  wood  construction.  - 

Slope  finish  mde  to  drain  surface 
water  from  rain  or  melting  snow 
a  way  from  thi  found  ition; 
5%    '  ' 


x^ 


I      if 

I     !! 


i 


Foun  latio  wail     n  vid    .uppoi     !i  fi . 

upei    rui  tu  :abo  <    nd  ni  It  >'       is  i  ntoi  crawl 
space  partly  or  wholly  beloi    p     in  addition  to  the 
vi  ticallo  ;    fron  th    up*  i  tru<  I  i     is  in  1    o\ 
walls  mu:  i  bi  lessened  mdconstrui  ted  toresi;  i 

-  the  *  irthpn  >  un  md  m<  iorthi   up  rs    :  ture 

igainst  v  ndai  -  >ei  mic  forces, 

-  Wall  system 
*  Floor  system 


Positive  an.  h  »rag<  ream  n  a  to  resist 
feral  uplH  ing.oi  ov  rtu  ning  forces 
Gravity  load  from:  iperstructure 


Whenenclo:  mq  i  habit  ible  >paa    i  foundation  wall 
'../.  i,  i  mm  i  bi    onst  la  ted  to  esi  tthej  e  i.  trati  ; 
ofwatei    n     ollqaet     uch    'radon     '.a!!"  heat  flow, 
i     pi  u  n j  o\   uitable  finish      n !  .  eo  nmi  d  i1 

/an  ii  i/v  •  loi  r;  a  idoth  i  op* i  ing .. 


Mampprootmaor 
waterproofing  as  required; 
see  3.14. 

Actiw  soil)       .nre  , „. 


Castsn-j       concrel    >i   '       temasi nt /units: 
see  5,151  >n      I  found  ition  walls. 
For  therm,    i  'illation  options  >e<  7.44, 


,  ib  oild  ilna     system 
see  5.14. 


51  eld*  v.   >oi  n  ■  Ii,  nic,  I  key,  nchoi 
found  ition  wall  to  footing, 

Fremolded  fillei    ndseal  i1  i1     p  insion joint 
C<  ncretf  ground  .lab;  -e<   'a." 


rhi  Pi  un     ionsys    -  mu  ttransfei  th< 
la    r.  I  load  ■  i ;!'  -  up*  i  true  tun  totk 
K,    ,    rhi  I-  rizon  ilci  mpom  nt  o\  th    < 
lateral  forces  is  transfi  rredl  rg<  ly  through 
i  nbinati  >n     >oil  fi    ti<  n<  i    u  botti  t 
ci  f<     rig  >  'I-,'  i  ii  d  /.   hi*  it  ol  p  i    ;, 
-oil  p   ssui     i  thi  si ;      I  Foi  tin ,  and 
foundation  walls, 


In  iz<  of  thi  footing  '  l;a  .edonthel  mndati  n 
wallloa  i  md  ti  e  illowabt  bi  ring  apacft  io\  thi 
underlying  soil. 


C\     h     ca      iclosedbya*  >n  inu   i  :  und*  ■    n 
wall  or  pfei  ipi  >vi      pai    u  id.  i  a  fii     floor  for  the 
ii  - «  tion  '    «  1  !"<     U       hanical  electrical 
and  plumbing  installations, 

*  Floor  job »,,»«./!"      in  or  ft  m  into  ]irdor,^x 

If 

\v  - '  •  /     •Cm  *        ™*     — '  " - 

Floor  system--x 

II            ;       : 

1     !                i      /i 
I    !             S 

.  — .          ,_™_muSL__ 

7en  ilation  i      wi  space  i: 

■/          required;  see  7.47, 

•  Sei  ei  opt  in    U  pt  '  n1  t! 
entry i   is    cts,  nd animals. 
J^  &  (150)  minimum 

•  15"  x  24"  (455x610)  access 
to  crawl  space  required, 

1       1 

1 

. 

Castsn-piace  concrete 

or  concrete  ma  »onry                                 -  -  - 

fout  !  i1  in  wall 

•  Clearance:  is  i  equired  to  facilitate 
a   i    entii  itioni !      vh  pa  e 

*  15"  (455)  minimum 

o  bottom  o1  b(  imoi  gi   ei 

; 

/ 

/ 

. 

Forthei  n  ■    i    lation                           | 
requirements,  see  7,39. 
Vapor  barrier  to  control                         | 
ground  moisture— x                            j 

•  24"  (810}  minimum          ^--""l l 

to  bottom  of  joists 


Mi  !  nic.  '  ^  loci 
foundation  wall  to  footing. 


^  Size  of  footing  depends  on 
foun    tion     il  .  ad  i  \d 
allowable  bi  iririi  capacity  of 
il,  un<  i  rlyi  i  jsoil 

-  piaa  f(  ol  n !'«  un  isturb  I 
soil  below  frostline, 


•  '-•i  [ft  ■',  Iconcn  ■   §  idebi  in 
supported  by    is1 >  increfr  piers^ 

m     i  bottom  en  pr<    '.  •  i  id 
foam  i  ushfc  itoaili    expansi 
soil  tori:      i  houl  lifting 

foundation. — -~"~" 

12"  to  16"  (SOS  to  455)  diameter 
pier   engi  i<     reinfon  mnei  L_ 


6"(1        inin  im  cover  on 
interior  ol  i      I 


:la .- ;  •"      n  fo  piers    ■ 
qui i  d  ___ 


=1  JO  ;> 1  • 


Concrete  Foundation  Walls 

Cast-in  pla  ecoi      tefi  11  !,     n  wall    eq  ii   formwork 

and  access  to  place  the  concrete, 

—  Anchor  bolts  for  sill  plates  of  light  frame  construction; 
see  5,13  and  4,2a 


/  XII 


-•  &"  (205)  minimum  wall  thickness 
*  Horizi  ntal  1  1  U  rtical  eii  forcerm  nt  1  >  required 
by  engineer!  1 1  inalysis;  see  5.06. 

-  Concrete  ground  slab;  see  3,16. 


Coticn  te  footing    et  3,03,3,09, 

'I'm  >wf  1:  >  anchor  foundation  wall  to  footing. 

Key  prov  I     iddi  ion,  i    sistance  to  lateral  .lippagi 


Concrete  Masonry  Foundation  Walls 
Concret    nasom        idation     Isu  ili        i    h  idii  I  small 
unil    ind  I      '     "'     orm        (3ecau        icrel   masonry 
isa  nodul     n     ri     ill  maj     limensioi      \ou\dbt  based  on 
■  \e&  (2.0  )m  1  lull  of  stands  1  oncn  <  blocl 


Anchor  bolts  for  sill  plates  of  light  frame  construction; 
see  3,13  and  4,2ft, 

Fill  cells  in  top  course  with  grout. 
Screen  to  retain  grout 


i!  ini      ii     lidinrui  nin  ;  s/1  ithTypeMo     n    tai 
'if    )|    limumi    ninal    »U  thiokn 


V;  laical  1  in  Tcerrn  1  ■  ingrou  .  I  cell     ndhori;  *  it  i  b<  nd 
b<     isasn  mm-  i  /<  igineei  ng  n  ily  >is 
OeeS.leSfoi  reinfon  t  nenl  of  ma  onry  walls, 


Concrete  gi  >und  !  ib  see  3.15. 

Concreti  fo    ng  ie<   c06, 5.09. 

!  c,  Id  )\  i\'   mchorfoi  ndatn  n  ,<  II  ■  ) footing 

Full  mortal  joinl  mroi  gh<  ni  d  footing 


CSI  MosterFormaf  03  10  00)  1  Hn  lace  Concrete 
CSi  MosrerForrnot  04  20  00  Unit  Masonry 


|  ■'    I  I    ,i  •    i    i ,    I1     i  'l  :  ■     ' 

receive,  >u|  o\     :  id  <     orth     dl    id  floor 
system  o\    -  ■     i       ucture. 


II  pi    ,    nchors  or  holddov    ■ 
in  re  if!  -  lt<     mi   th, 
walla  io!I  ioi  r  mi  is  to  the 
found  itii        ins    plifting    „ 

•    -      i    ii(  ore  5,         0 


Wood  Joists 


Provide  Vat  (15)  minimum  air 
space  on  the  tops,  sides,  and 
ends  of  wood  beams  entering  a 
cofioif.it;'  i  mast  nry  wall  unless 
we  6Ui    ,  '«  itedw  rd  is  used; 
dditi     ' i    i    nay  h      ; ! 
for  con  itruction  ac  &.  s. 


Wood 


seams 


Steel  bas;  pla  es 
anchored  to  concrete 
foundation  wall  or  to  a 

nuou    on       i  n'r 
masonry  walls  ^~~~~~ 


72"  (13)  0       i  »i  b<       *  il     I  if  it  least  T 
(1e    (in    concrel       the  „  m  ed    II  o 
masonry fi  und  do      II       lornoi   than  6' 
I    >0)        ninimu     f  two  boh         ill  piece  w/ 

oi     '  ••',.  12" (305) oi      :     d  i  o      tringenl 
requ    merits  exist  for  Seismid    on    5  and  4, 


Pod  ttore    iv   voodb    n 


Stud  wall  framing 
Header  or  rim  joist 
Wood  joist  framing; 
'•  >    I  2 


Pressui      eat)     x6i  r  2x5  sill 
••  i    ty|  ii  il;      •  '      broussiil 
seeWi  i      .i  ■     ii «,. '    ition 
level  with:  hin      neo  asary. 

,  dft  o     i  :    '       or  mason 
cavity  or  veneer  walls, 

I  ■■  nry< ,  con  .  >  Ii  und  itio  i 
may  core,  ,,  up  eriorwail 
above  qm   :      5,23  5,24, 


Wood  beam 


cmiidin,  fell  pi  entsdirect 

-    i1  ,  i  :-   wee  modmd 
concrete*   i  ison  • 

im    ol  ■  I  n 

3"  (75)  min  -  bearin  jfoi  mod 
beams  >uppor1       na  ncr<  u  or 

•ej    nry    lie!  "I  to  form  a 
pilasteril  .  '        il    rinrj  rea 
is  required. 

i ,   ii   ry<   conci      'i"- ■'  ition 
may<  onti  me  up ;     cterioi  "sail 
above  grade. 
Open-web  steel  foists;  see  4,19. 


jn-Web  Steel  Joists 


for  bngspari  joists 


i'^'iSJIrili^'Vli'l^H  WAJ.li,:: 


A  subsoil  drainage  system  is 
required  to  collect  and  divert 
watei  wa\  froi  i  i  foi  nd    ( n 
to  a  storm  sew<  '.dry  well 
or  natural  out]  ill  at  a  lower 
elevat  on  «n  th*     i 


D\  iin  a-  m  i      sm  ivel 
backfill  all< i    >     ei  to  flow 

lowntol     I   tine;      i 
Pi  in  igemal    -  i-!  ■  o  im  rl   ; 
3/4"  (19)  thick  and  consists 
of  isynth  i    matting  ot 

,  ;. .  ',[•  •  i ,.  I :.    I  with 
filt,  [    ibri(  th      II  iv         i 
to  passu     ;i   tprew  nts 
the  passage  of  fine  soil 
particles. 

nonbi  derjradabl  >cm\  strip  - 
8"  (150)  minim  urn  cover  of 
a,-  iv*  I  or  crushed   U 
Protect  top     *     i  or  tile  w/ 
ilti  i  I  •;  rii 

Footing  drain  ol  perforated 
pipe  or  drain  tile;  -.-...^ 
4"  (1 00)  ,o  minimum 
Invert  of  pipe  or  tile  should 
not  be  ibovi  elevatio  of  si  ib 
sl  ipi  t<  H  iin  to  *  i  >rm 
sewer,  dry  well,  or  n  itui  il 

outfall      site.  — — -~ 

2"  (51)  minimum  . - — 


Dampproofirifj  is  applied  to  a  foundation  wall  when  subsoil 

conditions  indicate  that  hydrostatic  pressure  from  the 

groundwater  tabic  will  not  occur,  When  subject  to  hydrostatic 

pi  '* !  refroi  u   >w  >i  i  Iwa1  rtabi    foun  i  tii  nwal 

•  louldb  wa1    prooi  d  Somebuildii  3  code  require  thai  al 

foundation  walls  enclosing  a  habitable  space  below  qcade  be 

waterproofed, 


Parrij  p,"  fintjc  m  rpn  >fing  nembi  me  ho  d  xtend 
from  8  (150)  ov<  m  d*  down  to  th  >j  of  thk  ...»  1 ig 
Pampproofint]  may  consist  of  a  bituminous  or  acrylic 

modified  cement  coating. 

Parge  concrete  masonry  walls  with  not  less  than  5/s"  (10) 

Portlands  me  n  morl  ir  coven  I  by  a1/   '  (2)  bituminous 

coating. 


^  Wa  i  rpi  lofingm  mb  m  m  y<  onsistofru    erizedor 
polymer-modified  a  ph  if  butyl  rubber,  or  other  approved 
ma1    ial     ?ableof  bri  kjinpon  tructuralcracl  > 

•  Bentonit  laymaybespt  «  don  as  a  slurry  or  be  installed 
in  ?anel  forn  v  th  hi  Iry  lay  fill  nq  the  'oid  ;  '1 1  rrui  <  1  -1 
-  1  Aboard  >k  1  •  -,«  »enti  nit    well  ^when  /ettedto 

1  com<  "  tuallyim  ervioi    towatei 

•  Proh'f  1  th  m  mbi  m,  du  ingbac :  filling  v  tha drainage 
mat,  rigid  (  trudedpoly  tyren<  insulation,  or  a  protection 
b    •'    (  phaltmmpregnatedfib   board. 

—  Prem  Idedfillerand  .ealarH  tit  pansion joint 
-^  Forwaterp  >ofing  sealjoinl  'etween  foundation  wall  and 
slab  with  1  n  <  nit   la  01  oth  't  1  1  top 

/■»  Conci  1  §rou  d  >lab         »0)  minimum 

•  See  3  !&  fs    1  « >icalba  >      ursen  miruuents. 


1    1 

1     s 1 

I  r '  x> 

1  1   i 

/ 

Lsil    _____ 


^  Waterpi  ».  ii  imem  »i  ne  i  required 

"^  Protection  board  for  waterproofing  asphalt-impregnated 
fiberboard  or  extruded  polystyrene 

***  A  mudslab  of  win  ii  f<  n  e^  <  ont  ret  h  used  when  the 
waterproofing  membrane  continues  under  the  ground  slab 
or  to  provide  a  working    irfaceonunstabl    oil 


CSI  Mosterrormat  07  10  00  Dampproofing  &  Waterproofing 
CSI  MasterFormat  33  46  13  Foundation  Drainage 


,     it.  .  ■■     Ifoi  in  system           u     Ifoi  both 

,   ;       •  •■ ,«      ,•  -;  ■"  ;  ,  f!     rall      Dions  may 

be  built  on-site  or  bi  tory-fabi       d  to  reduce  erection 
time, All  "•.'  '    pi    wdu    &\    fabricate    f<  uridatioti 

>s   mmustbeps  ui    ;    ited with    pi      i    tivi 

■     oved  for  gr    id  contact  u  M      i  ut;    houldbe 

treated  with  the  sai  i    tive.AIImeta          -  rs  should 

I     ,!  ii(       i    ■  hot-dipped  zin 


•  -     "    3trij    houid  extend 

at  least:!1 ;    )  bovt .  rid  5"  (125) 

fi      .;,'•"'.■    i,  t      hi 

10     i'i  i        orri ultravioi    [ig 
ind  mechanical  damae* 


Jppertopj  I,  tefiel(    pplied  to  tie  wall 

bione  together;  oi     tjoinl    Fn  n 
hose  of  low     •  ppl  ti 
'•'  i   i    pi  be  end  nail  ;      3  i  l  • 


Proteci   t    \o\      >' 
minimum 


1/2"(13)  >rthi  erpressui  treat 
plywood  b<  rid  d  ,a'  i  •  teriot  glue 
Van  (5) join  stob      itked 


i  mi  |   lyi  I  yleni 

lap  6"  (150)  and 
-  in    >!  .  ,i  n1  - 


2x  studs  @  12"  or  16"  (505  or  405)  o,c, 
fhi  m  ilin  ul  bio  i  po  n  arder  and 
wall  finish  as  required 

2x  bottom  plate 
1x  continuous  strip 


i  i\  I    .  u  -:  a  .1  to 
bad  illfoi  Iraii  io<  , - 


i    I 


« -  i,  ,  i,  jn  ut)i 


Perime  ei  foo 


m|     it  ■   itin ;  •  n  'is  >  ■   • 
b  olainej  pi,  I    ind,  lay<  roi  i  iv 
>and,orcru  fied:  ton! 
4"  (100)  minimum,  ^ 

2  x  D  footing  plate,  ...... ,.,.„,^- -^ 

h     >*  i   'en  -    n  fou  m  tion  ?  '! 
'.  •  I  lid!       \qi        il ,  "I  ;oil 
A  ,.  iprn        i  quired  for 
basemenl        esbelo  <§  ideto 
drain  the  |     >u  I         ,;"    40)  0 
or  20"  (510)  square  and  at  least  24" 
(6  0)belf      I     ottomof 
the  slab, 


!  D 


1  oul  le    ■    mi  i  ,■■-,  '•• 

id    •  •     ipol     , 

nd  irav  n<  0  msi  ' 
...  »n  foi  bin,  und  asement 
ft  )i   labs  for  Irai  1  m 


CS!  ••'    I    m  no    '■    ■  ,  :  • 


i    aitufiM  lir^nm1 


Reinforced  Concrete  Column 


Vertical  reinforcement 
Lateral  reinforcement 
See  il  >o5.0d  foi  concret<  column  details 

Steel  dowels  anchor  column  to  footing 
Two  way  reinforcemei  1  uniformly  spaced 

6H(1!  (  )  minimum 
above  steel  reinforcement 

d  ~  effective  depth 

5"  (75)  minimum  cover  for  steel 
reinfi  reement  vhen  c  mcrete  is  cast 
1 1  tin  i  and  perm  ,u  i  tly  c  po:  edto<  irth 


Critical  section  for  orii  im,   heai 
:  riticalsec  tion  fot  two  waysheai 


A  variety  of  proprietary  post 
bases  are  iv,  liable  Consult 
manufacturer  for  allowable  loads 
andii s1  <i! itiond  ta I    Pos1 
bases  cai  ilsobei  bricatedto 
satisfy  specific  de\  ign  conditions. 
See  5.50  for  wood  column  base 
connections. 


-.' 


A     P/Swherf 


Column  load  in  pounds 


A  =  Conta(    irea  of  footing 


S  =  Soil  be  iring  opacity  in 
psf;1psf=  (10479  kPa 


A    eel  baseplate    > 
nece;    in  to  li  ta  but     ! ' 
column  load  over  an  area  wide 
enough  that  the  allowable 
stresses  in  the  concrete  are 
not  exceeded, 

>e<    C'  Ifi    .teelbasi  plati 
connections, 


foot!  Post 


Steel  Col 


umn 


CSI  Masterformof  03  30  00  Cast-in-Place  Concrete 
("SI  MasterFormot  03  31  00  Structural  Concrete 


jtrui    ires    d  found    on  Sjacenttogroun     1 

t     '''■■'  '•  '     si  dd  ■    er;    -I  i    oil  wing 


Si    ao  oi  •'  !....  I-  • '  :'  m  i 
descend    •  lop  adisl  nci    u\  ,'  i<  n1 
toprovidi   ertii  I  and  I  tei  I  uppo  I 
for  the  foe  ting,     prev       ettlerrii   I 

H/5  or  40'  (12  m)  maximum 


Setfacr  oi  >1  ui  ;ur<  away  f i  )m  the  toe 

.«i    i  sing;  op ;  to  pi  w\d      at;   llo  i 
from  i    di  itn  i§eand<  .•■;■  lot 

H/2  or  15' (5  m)  maximum 


^ 


Closely  spaced  footirh     *    !  i    ntf<     rigs  local    I 
differei    levels  can    mseoverl  p  ing    (i  tress* 


2  x  footing  width  minimum 

1:2  maximum  slope 


60°  for  rock 
30°  for  soil 


Ground  surface  should  not  encroach  on 
bearing  prism  of  soil  or  rock, 


Grade 


Maintain  i  hii    i      of  footing  (T)  in 

vertical  step, 

Limit  vertical  step  (H)  to  V2L 

«   !  >)'  (610) !     imum 


Length 0   -1    >(l     \ou\dh        -  i 
2'-0"  (610). 


:   e|  '•'  <  >•  ting  >ch  igelevel    n  t,  % 
loping      ;    i  In      a      I.      i1     I  ,.  "■ 
around  a  building. 


Utilize  mo  ii  lai  I  n  n    0     1 1  oncrete 
oi ,  /     II 


1  ji2    '  iw-fM  b>:  in  hi: :  m  n^imi 


1 

* -  Superstructure  ""*""" q 

1 

[      «  Sou.  n  teslabongr,  d< 

j 
1 

i 

-     '       1 

| 

L 

-J 

■  !   Nation  joints                \ 
.    .               .                     .   .  f  = 

1 

JL^fy,  .^'«  '■ 

A  concrete  slab  may  be  placed  at  or  near  grade  level  to  serve  as  a 
combined  floor  and  founds1*  n  ystem  lh     it  bili  y  if  a  oncret  (!  b 
for  such  use  dep  id  on  the  geographic  location  topography,  and  soil 
laracteristic  of  the  sit*    mdthedesign  if  the  superstructure. 


Concrete  slabs  on  grade  require  the  support  of  a  level,  stable,  uniformly 
dense  or  properly  compacted  oil  ?as(  containing  no  organic  matter, 
When  placed  over  soil  of  low  bearing  capacity  or  over  highly  compressible 
orexpansivi    oils,  a  oncretf  iround  slab  must  be  desigi  dasamat 
orrall  fo  ind  tion,  vhi  h  require  .profi  .  nonai  analyst  an  I  I  signtya- 
qi  ilifiedi  tru  tut  tl  ngineer 


epend  n1  found  rtions 


4i!  (100)  minimum  slab  thickness:  thickness  required  depends  on 
expected!1  ><  andli  a  I  onditions, 

Wi  I.  d    irefabrici  info  cemenl  s<    it  of  -lightly  ibovi  th<  mi  I  depth 
of  the  si  il  controls  thermal  stress^    shrinkage  i  icking,  ind  slight 
differential  moverm  «  in  I  le  soil  bed  i  g rid  of  reinforcing  bars  may  bi 
required  for  slabs  carrying  heaviemthan-normal  floor  loa  Is. 
Ii  li  tun  ■>  i'a  -         I, or |   lyp .  pyl  n  fil     <  n     b  add  d  to 
orii  re  emixtoredu)     hri  \kacjt  •  rm  kin  | 
Concrete  ad  ith    ■    i  iru  -        urface  hardne:     nd  ibrasion 
resistance. 

6-mfl (0  lr  n  n)pol    thy!  n  m  i  \\m  barrier 
TheAmerii  riCorio    e  Institute  r      nm     Is  \\  '(51)1  <ei  of  sand 
be  placed  >v<     hemoi    irebarrii    coal     rbexs    .    m\   'from  the 
concrete  during  curing. 

faasi  cour:        pveloi    i  •  hedi  s  n  U  prevent  th<     pillaryrise 
of  groundwater;  4"  (100)  minimum 
Stable,  uniformly  dens  soi    is<  <  i>  pa< .  on  may  be  required 
t(  men  i  '   oilsl  ibility  loadbearingc  ipa  ity.andi  ;  >istanci  to 
v  il  i  p<  n<  tra  ion 


Maximum  Slab  Dimensions 

FEET  (M) 


Wire  Spacing 
inches  (mm) 


Wire  Size 
(number) 


Uf  to  45  (14) 

6x6(150x150) 

W1.4xW1.4 

45-60(14-10) 

6x6 

W2.0xW2.0 

60-75(13-22) 

6x6 

W2.9xW2,9 

CSI  MasterFormot  03  30  00  Cast-in-Place  Concrete 
CSI  MasterFormot  03  31  00  Structural  Concrete 


Three  typi      f  joints    i        .    ! 
o i  :       ..:.■'!- 1  •    ••  ■>    n  n<  !  ■-.  m  >   i.  ■  •' 
in  the  plan    -   icon  reteslabongradi  —  d  itio 
joints,  cot   traction  joint     nd<    itrol  joints. 


Isolation  Joints 

i   ilal  »njoi  .•'  ■  I      •  \\i    expansi 
joints  il!(  -    w«  meni  tooi  'i . '.  w<  sn 
aconcn      •,  I  i  id  .'■    in§  •>'".  ,  n ;,  n  I 
walls  of  a  building. 


Construction  Joints 
Construct    ij  ints  ™  I :  i  place  for 
a  n  trut  tton  I     top  ind  thi    t  >ntinu<  at 
iter  tin  •  fhf  <  joint    ivhh  i    I  ;o    rv 
i .'  ioiatii  not  >  ontrol joint   <  nbi  i  ye, 
oi  doweled i  )|  i  venl  v  :i   •  ildi  ferenl ,  i 
novi  ti,  it  oi     joiningsla    lection 


7s11  (5)  radius 
i  revent  bond 

Coated  lov  ■  oi  i  keyed  j  iin 
H  reqi  in  d  )pre!  n1  i  'i  I 
diffi  rentialn    emen 


Control  Joints 

'  on1  'oi join  i.  li  ?sofweakn    s  o 

that  the  crac  :,  ithati  jyi  :sultfrom 
tensile  sti    -  t   occurs  ilong  redetermined 
lim  Cv  •    ( o  itroiji  in    in  xpos  d 
concrete  15'  to  20'  (4570  to  6100)  o.c,  or 
Mi   ,  ei  i  iq  ,!■  dtobreal  in  n    |ul  ii    I;  \ 
shape  inti    Oiuare  or  red    igul    seel    , 


•  ewnji  in1     !(5}wid    in  iVsof 
deptl     II     joint  filler. 


'  '|  ■, .  r  -h.^  d or n   taf strip 

nserted    '    ,    >n       H  placed; 
inish  flush  with  surface. 


Keyed  joint 

Prevent!'-  i.      \  >ref<  rrned 

metal  oi  p    ti     i      iateriaUr 

[     •!       riHi      i     und  to  one 
side  before  other  side  is  placed. 


20     CONCRETE 


Exterior  masonry  wail  and  foundation 

Concrete  slab  on  grade; 
■ .:.  '« \dfi  r  ypic  "'  <(  Dion 


Isolated  or  integral  footings  are  required  to  transmit  loads 
from  i  hf  supei  1  uctun  ibi  i  to  I    foundation  soil. 


-  Extruvt  !  A  myi   i  f<   m  insulation 
see  7.44. 

Masonry  Wall 


\ni  \di .-.  n !  il  fo<  *  m»i  m<  i  Idl    u  >ed 
when  a  bearing  wall  or  column  transmits 
h  ivy  oi  con<  enl   i1  dloa  I 


8"  (150)  minimum  clear  distance 
from  any  wood  tofini  >h  grade 
Pressure  tn  d  d  ill  plates  - 


1 2"  (5051  minimi 


-  iyl    placed  on  eitl     the  exl    ior 
tl    ,!i  ••!  i     Id     »un    tionwal 
-  Gastan-plat  t  concrete  or  concrete 
n      >nr  foun  1  hmiwall 


(n  warm  or  temp  ,  i   cl   iat<    where 
little  or  no  ground  I  o  .toe;  irs,  it  may 
be  economical  to  thicken  Ik  edges  of  a 
concrete  si  il  *i  grad    o  form  integral 
fo  'ting  ifortheexterioi  wail 


'■•  6"  (150)  linimu  i  i  irdist  m  :  from  any 

wood  to  finish  grade 
-•  12"  (505)  minimum  footing  depth 
-*  Set  below  frostline  or  12"  (505)  below 

ground  surface, 


!       Il     .. '  '  pth  )\ '',    .1  il 
o  >ti  ig  it    tannine*      thi 
ma^   itu  li  o  th<  I  >ad  in  1th 

bearing  capai :  -yol  the  soil. 


*    oner  ti  groi  nd  labmaybethic!    i  d  I 
support  a  interior  bearing  partition  or  post 
md  tran  .mil  I  i  load  to  the  underlying  .oil 


i  .  necl  i  Ige   li  ■ 


2  ; '  (6  )  •.      «     ivi 


,  erim  tor  insulation 
i  'i   .  ,    irdud 


2"i   I) mil  rnur 


Heoling  Ducts 


I-V2"  to  3"  (40  to  75)  cover 


Embedded  leafing  'ipes 


— ■  Coppei     polybutylene  piping  pn    di   01  novement 
where  pipe   pass  hroughcon  itrui  -inn  joints, 

—•  binds  1  -  bi    ul  tioi  rei 01  m  n<  d 


W 


ipe    :::   afii  i: 


i  oanii  ;  j  lastii  pi[    in:  ul.  tion 
isolates  wat  r  supply  an  J  vva  >te 
piping  from  I  it  ;  men  I     lal . 


•  Chamfer  or  radius  edge 
—  No  ingbai  provi  li  :  "  \.  '•;. .  ia  1 

*^    i-i!^i  0) ruin  mn    hi  cm  >  - 


i a d  sieos 


'  pansionorcon    ruction joinl 
[Jsecoain   \o\   Isora  :i.  ,  I   / to  pre1  n1 
/•Si  al  lifl  ren  ,  ilmovem< .  1 


F01    lal  >| ■;•  I  11  ,  ,   '  11 1        )5)      en 

second!,.:,      fwi        >hn         jment  2r-0"  (610} 

on  all  si 


Slab  Openings 


22     IKM.E  *H'^l¥i!  5  '  *W. 


f  Tir"TJ 
Li  .lJZJ 


LjiJ 

1 1 


Is"  >und  itlonsele    tetimbi     ;i  i< (( re  >al  )  e  hi  ground  plane 
require  minimal  excavation  mdpre    rvetb  natural  features  and 
existing  drainage  patterns  I     it<   Fbeyarep;  ticularly  useful  when 
i  ildingi  n  I"  p  I  f      in  lin  n  t     i  jed  I    p<  riodi  flooding 

The  treated  poles  are  usually  laid  out  along  a  grid  defined  by  the 
bearrsand  \o\  tfra  lingp,  ttern  fheii   pacing      ermine  -both the 
beam-and-joi  (  l\    i     nd  heverti  illo  Istl   /must support, 

"»  Poles  8"  to  12"  (1  iO  to  305)  ij  diameter;  treal  witlu 

pre  >ewatm  toprotei  I  igain  »1  dei  ryat  I  inset  I  infestation 
The  treated  p<  li  i  may  e)  ;<  nd  /ertic |!!  /  to  form  1  hi  loadbearing 
frame  of  the  supei    ru<  ureortei    ii   t(  i        first-floor  level 
i      it  p<  r1      m  enl    lal  »la  formf  • 

-•  Solid,  built-up,  or  spaced  mod  b<  ims;  limit  ov<  hangs  to 
Veofth^  baclcspan, 

-*  Insulate  floors,  tva  I     n<  r  *of  accord  ng  to  local 
climatic  conditions. 

-*  Pole  iai    ipj   '.'  <  >'to  m'i'P  '•<  't  566  !)  ipart  U 
support  floor  and  roof  areas  up  to  144  sf  (13.4  in2) 

f  oli    i  ■  ", !  inholi  sdu<  by  h  in  loi  ■    ipowei  augei  Adequate 
embedment  length  suitabli  ba  kfillii  i,  ind  pn  pet  connections 
t   n  [i  ire  '•      ipol    irm  ture   >e  >  lop  I.  m ...  ■  ssi  mgidil 
and  resistance  to  I  n  i  ,  mnd  ind  >ei  ni<  forces  the  required 
i  nl  drn  n1 1  ••'  ithvai    -  i<  i  rdi  i  U 

•  i|op,   iftl      ; 

•  Subset!        «!  onditions 

•  Pole  spacing 

•  Unsuppori    !  i  ghl  oi  tht  poles 

•  Seismic  zone 

-*  Floot  >  houldbedf  >ignedam  con  In  «.  la  adiaphragm  to 
transfer  the  rigidity  of  uphill  poles  to  the  rest  of  the  structure, 

Embedment  Length  for  Steep  Slopes 
~*  5'  tod1  (1i  -  !5t<  /  :"(i;i » uphill  pok  >;  uphill  poll  >l  iw  mortet 

unsupported h  ighl    bul  cams  d  ep<  remb  dment  inorderto 

provide  the  necessary  rigidity  for  the  structure, 
v'  41  to  "V  (1220  to  2155)  for  downhill  poles 

Embedment-  Length  for  Flat  Slopes 
-  4  to  51  (1220  to  1525) 


When  the  n<     -  if     mbedmenti  not  possible  >uch  as  on  a  rocky 
slope,  steel  rod  crossbracing  with  turnbui  '<  \i\  o\  m-ar  walls  of 
concrete  or  masonry  can  be  used  to  providf  la  erah  tability. 
•  Consult  a  qualified  strud  iralengineei  when  designing  and 

constructing  a  pole  structure,  especially  when  building  on  a 
t  ply  »lopi ./"  it<   »i  bj(  d  tohi^h  vind  orfloo  ing 
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.     . .        ■    ""     '    5pa<     woi  -  w  irn*  ;lsmri 

of  onesj  Hi     •  ■  »    i  -x 

;                        1  If                                                                                     S,    ^--._            1 

! 

IC^ii  \ ^^ 

*  Notchii  (imps  yes  the 

if                                                              -v,           f                      ' 

1     '  j\   I !                                i  * 

baring  foi  beams  and 

:  /             HJ  "n.            !   f\     :                                                                         !       is 

111       ^ 

provides  better  contact 

/                             li    1 

i*\  !  J                                                        /  ^^xj 

with  round  poles.  This            , 
notching  is  sometimes        / 
referred t<  i    lapping,-- 

!/         1 

!                 Ml                                                                                         i /           i 

j                                   ./*  ;        y 

*  A  spiked  end  connector  ^ 

A             j 

*  Gusset 
j               •  Soli  lorbi  ill  up    >odl    im  ~        j 

*   freat  all  field  notchim 

with  a  single  through- 

1                                                                       Of 

>  it;  am  drilb  hoi;    with 

,  j                   bolt  can  provide  better 

I                •  Whenpiei  >t  ruin  i1  \  i1  the          ;j 

an  approved  preservative. 

loadbearino,  values  than 

;                   fin  '  J.  <    !j.     i    ai  b  ■             ijl 

1          |;|                  a  note  i  .  ' .  bolted 

| 

1                   diret  tl\  o    h  pi  i    in/!  be 

j           |j                    connection. 

secured  vith  '  odoms  <  \  ;or        |f 

M.             jO' 

^_-> 

metal  connectors,              -— — - 

faced  h  m  s  i  thi  ?ucjh  *olted  both-  -id  i  o, 
theti  i  ?ol  vhichthen  itiriueuptoform 
theloadm  mi,/,      orth    up  rstructure. 


Treated  wood  poles 
Grade  -N 


'  pike    h  plvani   - 
metal  straps  for 
better  anchorage  — 
Concrete  pad  —-^ 
distributes  pole  load 
to  soil  or  rock;  size 
should  be  determiner 
by  nq'm  <  ring 
analysis. 


Con<  - 1  :  collar  •-.,. 
Lag  bolts  for 
anchorage  — x 

I  •  nped  back  illoi 
clean  sand,  gravel 
or  crushed  rock  -- 

4'-0u  (1220) 

minimum 

Frostline 

dn  (205)  minimum 

V-6"  (455) 

minimum 


Pols     i     li  i  ibut    heii      •  m  Mm    onci  i.  fo  I    s 

necklace  o  .    '«   ring  lire  >l  •  »n  ocl  Con<  i  te  pads  and 

collars  increa:     , ,     intact  area  of  the  pol  '  ith  the  soil 
n.   'i  iti  m      ,  ;ii  l(  •    oia    -    rger  :rea. 


0  (   IO)ma  imun 
Frostline 

I'-O"  (305)  minimum 


1L6"  (455)  minimum  \ 

1 
■     illin<     bhconci       i     ••■)   ement  7 

nixturecam    i     •'■   •  \ i   ,     nl    Imeni 

length;  may  be  required  on  steep  slopes  with 

avemp  or  below-average  soils. 


24    imv  fnmtsmvw 


I 


Column  load- 


J 


/  c 

1 

■  k 

i 

■\. 

| 

'        J 

^4 

! 

!  !    f-:  "•": 


UMm 


ixamples  of  pile  cap  layouts 


~~ 

1 

1] 

1 

J,  11 

K       4 

: 

r 

1 

i 

j       1 
i       1 

1       i 

r 
i 

1 

_ 

k 

Poop  foundations  extend  down  through  unsuitable  or  unstable  soil 
toti  msfei  built  inglo,  I  >  to  anion  apj  roj  iatebea  ingsti  itum 
ofrockordem    sand;  md  gravels  well  below  ik    uperstructure, 
The  two  principa  tyj    »oi  leep  foundations  in  pile  foundations 

and  caisson  foundations. 

A  pile  foundation  is  a  syste  n  of  end-bearing  or  frictioi  pi!  j   «b 
caps,  and  tie  b<  irm  for  transferring  building  b  id;  down  to  a 
su  table  b(  11  ig  tral  im 

-*  Loadbearing  wail 

"*  Reinforced  conct  tegra  l<  or  tie  bea  n  Mth  integral  pile  caps 

-  Piles  are  usually  driven  in  clusters  of  two  or  more, 
spaced  2'-6"  to  4'-0"  (760  to  1220)  o.c. 

-*  Areinforced    mcretepil    apjoinsthel  ads  ofa  cluster  of 
pilestnord(   i.   l   I   butetl    load  from  a  column  or  grade  beam 
equally  mong  Ik  piles 

-  Varies  with  column  load;  W  (505)  minimum 

-  3" (75) 

•  6"  (150) 

-  Plan  below i  os  litii 

••  i  ile  «rria  eoftreal  timber  poles,  bul  fo  ;  r<  i  buildings, 
steel H  i  >n  con<  n  r.  fill  d  pipes,  or  |  ...  einforce, 
■„  .:f  «.        a .   creti    i   more  i     im<  i 

•  Piles ar  <j  iw  i  into  thi  earth b;  ipili  driv  i     m  po  -edofa  tall 
frai  leworl  .upporting  nachim  ry  (  "lifting  im  pib  it  po  i  o\ 

a  r  -    driving  idriv    jhart  met   md  •  rtii  sin  il:  .  i  \t  ids  for 
guiding  the  hammer, 

-»  I  us  bearing pil  >d  pen  ipr  nci|  illyonthx  bearing  resi  tanci 
of  soil  or  rock  ben<  ithtbeit  feel  for  mpport.  The  surrounding 
soil  mass  provides  a  deg  -   of  lateral   I  ibility  for  the  long 
compression  members, 

*•  Friction  pile;  depi  ndprini  ipallyonth*  frictional  resistance  ofa 
surrounding  earth  mass  for  support  Eh    >kii     iction  developed 
k  tweentto  sides*  fapik  i  idtb    oili  i  o  which  the  pile  is 
driven  is  limited  1 ,  Ik  idhesioni  I  s  i1  totm  j  ile:  i  if  sand  the 
•  >h  it   i    •!  ah. a  h    urn  undingsoi  mass 

•  The  allowable  pile  load  is  the  maximum  axial  and  lateral  loads 
permitted  <  n  \  pil   a    iete  nin<  I  by  a  lynai  iii  j  1  formula, 
a  static  load  I  t  •  i   >rag<   U  hni  ilinw  tigationofthe 
foundation  soil. 

-  Pile  eccentricity,  th<  deviation  o\  a  pile  from  il  s  plan  location  or 
fi  imth  /ertii  I  '  nre?  ill  in  iredm  tioi  ofif     'I  ^  ibl      u 


Bearing  stratum  of  soil  or  rock 
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fin  i    >(li     re  lop  driven     i  J1"  is    fric  h    pil 
They  an  o  ten  1   U    with     teei:     i  md  idrivi  ;?and  to 
pre    i !    i       mi      -    n  splitting      hatt  rinrn 
<  om|  -  iti  pil         con  tructc     >1   w  in,  terial     sicha 
timber  pili     ivin§     oncreteupj      h    ion  to  |     i     I 
portion  of  th(  pil    ibove  the  water  table  froi      terioratiritj, 
H-pil<     ii    teelffs         ...,•-,  i.     ,,,  sed'm 
concrete  t      .  inl  below  the            i     to  prevent 
corro5ioii.il  action      ri     •    !,',  H    ,  ,i  r  in  the 
driving  procei  -to   >rm  any  length  of  pile,  —~~~~~-^~~~ 
Pipe  piles  n  h.  -  y  meeipip    A  \n  nvi  hth<  lower  end 
either  open  or  closed  I  y   h  avj      elplateoi  point  and  filled 
with  concrete,  An  opemende  pip  pil  i    quires  inspection 
and  excavation  befoi   being  filled  wi    concrete      — _ 
Precast  concrete  piles  have  round,  square,  or  polygonal 
cross  seal  ions  in* '  •  omei  im  ■■,  n  open  core.  Precast  piles 
m  often  presti  '>scd.  — -— — — — -— — — - 


I 


|l  4 


;  \\ 


Cast  in  plac<     ncretepile    n     m  truct  d  by  placing 
concrete  into  a  shaft  in  the  ground.  The  concrete  pil  sma 
'    .   ■  ,  ' ,  un  ised 

1    I  pile;  )    con  trutf    ]  \  d  i  : \q    ...  I  pip   >,  (  «  ;••,> 
i  both,    i  Hjnd  until  it  me<  t:  th<   equii  An  M  banc; 
and  then   Hi  g  it  wi  h  concrete    fheca  'nana  usually  a 
cylin    ic,  I    eelse  fcio  i,  oi !  tim  .  ;>■  mm  a,s  i,  ■ .,  t\ 
forincreasi     .til  i       A  mandrel  consi  tint  of  a.  heavy 
1  teeltubi  orcoi   ms\  be  ins  rtedirna  i  thin  v  lledc  «  in^ 
to  prevent  it  from  coll  \  i   jintl     Iriving  process,  and  then 
withdrawn  before  concrete!  place  in  th  >     nq.-~~~~~~' 

Uncased  piles  are  con  ;tru<  U  I  by  driving  a  concrete  plug 
intothi  ground  longi  ith    si    C    isinpi  tin  v  i  >thi 
required  re;    i  m,     idtl     r,    n  ingconci    ,  intoplace  - 
f:    he<  sing  is    ■  <,\mm. 

A  pedestal  pile  is  an  uncased  pil.  I  -    ii  saneni  rgedfoot" 
■■"ne1   '<  >  the  bearing  reaoi  he]  ill    nd  tren<  thei  th< 
b<   rin<    ti  tun  by     np  essi      die  fool  is  formed  by 
forcing  en.'  .  teomi  a1  thi  bot  on  oi  thi   .'-de  into  the 
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I     ipili     re  high    \     ity,  small  diarnel    [5  f(,l2!!  — 
(125  to*  (     |,dril       nd  grouted  in-place  pi  s  that  are 
typically!  i  forced.  They  are  often  used  fo   oundations  in 
■'    '      ■        5oi      cation        i restricted acce        a 
forunderpi  mi  joi     lertjenc;     j   ii    b<     u  ;  they  can 
be  install,     m     ually  undcondiU    with  minimal 

vibi  iti  n  ndd    ui    no  t<  ,     ,  ., 
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Caissons  are  castan-place,  plain  or  reinforced  concrete  piers 
formed  by  boring  with  a  large  auger  or  excavating  by  hand  a 
shaft  in  the  earth  to  a  suitable  bearing  stratum  and  filling  the 
shaft  with  concrete.  For  this  reason,  they  are  also  referred  to 
as  drilled  piles  or  piers. 


&A 


!   ,";  I-: 


Caisson 

Reinforcement  in  upper  part  of  shaft  provides  additional 
resistance  to  bending  caused  by  lateral  forces  or  eccentric 
column  loading. 

The  boring  is  often  2L6"  (760)  or  larger  in  diameter  to  permit 
inspection  of  the  bottom. 

A  temporary  casing  may  be  required  to  seal  out  water,  sand, 
or  loose  fill  from  the  shaft  during  excavation. 

The  base  of  a  caisson  may  be  enlarged  into  a  bell 
shape  to  increase  its  bearing  area  and  resist  uplift  from 
soil  expansion.  The  bell  may  be  excavated  by  hand  or  be 
formed  by  a  bucket  attachment  to  an  earth  auger  that 
has  a  set  of  retractable  blades. 


Suitable  bearing  stratum  of  soil  or  rock 


a 


I  I 


Socketed  caissons  are  drilled  into  a  stratum  of  solid  rock 
order  to  gain  additional  frictional  support, 

Rock  caissons  m  socketed  caissons  that  have  a  steel 
bisection  core  within  a  concrete-filled  pipe  casing. 
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Floor  systems  are  the  horizontal  planes  that  must 
support  both  live  loads— people,  furnishings,  and  movable 
<  equipment — and  dead  loads— tho  weight  of  the  floor 
construe  ion  itself,  Floor  systems  must  1   in;  h    their  loads 
horizontal^   -  ro:  i space  to    i  hei  beam    ind  olumnsorto 
I  ia  ib<  irii  t  ".'«!l    !  fgid  floor  pi  n<    i   n  list  b<  d  si  jrii  d  to 
serve  as  horizontal  diaphragms  that  act  as  thin,  wide  beams  in 
referring  I  it<  ralfi  rceeU  >k  i,  wall .. 


A  floor  sy  ,  m  may  be  con  po  edofas    es<   linea  beams 
andjoists  overlaid  with  iplai    o\  k  itl  ina,  or  decking,  or 
con  istoi  ine  irty  i    nogi  i  me  lab  c  i  r<  nforcedi  mi  i 
The  depth  of  a  floor  system  is  directly  related  to  the  size 
id  pn  pt  Ci  '  H  th{    trm  bur;  I  bay  i1  i  iu  i  sp  ,  in.  I  u 
strength  of  the  materia  I  >used.  I  he  size  and  placement  of  any 

i  ilevi      md(  p  nine,  ■  dtnin  th<   lo*    |  lai     m«  nt   il  o 
ta  i  >n  id<    d  h  th<  iayoul    !  the  tru     i  ilsupj  r  »foi 
th(  fl  or  I!- 1  i )       idition    ii  hefl  >oi  rtrm  tun  mdil 
connection  o  u  porting  found  tion  md  '  II  »yst<  ns  affect 
both  the  si   i  tu  dinl  o    y  of,  building  i   I  its  physical 
,  i  )i  irani  ■ 


!      useitmusl     '  I      j  poi   n  >ving  .  id    i    m  sy   -   i 
>h<  ild  be  i  I  itively    ifi  mill  main  linin  |i1     I    tici  >/    u  to 
the  detrimental  ffect:    hat  ex<      "    ieflection  and  vibration 
.  uld  i  ivi  m  fini   ifloo   m    di    mo  naterial    is  well  a 
■in  rn  or  hum  *!'  omi  >r1  d<  fl  ctioni    her  than  bei  ling 
become  sth    ril    •'    ri   .  i  ng  f  ■  . 


h  •-  ptl  !  h  flooi  oi  Mtsif  ioi  rid  tk  <  \\  I  "-within it 
should  be  considered  Hi!  i .  ;.  e;  iryto  commodate  runs  of 
mechanical  < «  let  ri<  Him  ivitl  in  t  i<  looi  /  m  Forfloor 
systems  between  habh  bi<  paces  tacked  t  ''"(smother. 
i(  dil  on  i  i  i"f'  ctom  ■  d<  n  J"  blo<  i  itj  oi  botl  lit  rtii 
and  structure-born*  .oundandthefin  i    astanci  vatintjof 

I    issembly 


\\\ 


Except  ioi  ■  terior  decks  flooi  sy  'ten  >ar<  m  I  normally 
i  xp")  ed  tows  ithei  Becausi  th<  y  illmu  >1  >upp<  rtti  iffic, 
however  dui  i  »ili  y  res  atanci  to  Wi  n  mdn  ii  I     inc< 
requirement:  an  I  k  toi  -to  con  - l<  rinth    -eled  on  of  a  floor 
finish  and  ths    y  I  mrequir  dto  upportit, 


L 


Concrete 

.  Castampiai                 •     labs  are  cl     >ified  o- — ^ — 

acxordm  U    hei    ;    lam     stfoi    ;  see  4.05- 

4,07, 
•  i  recasl  i  >n<    I   plant   may  I  •■  upp  >rtedb 

beam:    rli    lb<  ring  wall; .  ^s=^ 
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Steel 

•  Steel  1  ■ .  n  *supj  ortsti  Idi  ;kin§oi «  .'<s  >1 
concrete  planks. 

•  Beams  may  be  supported  I  /girders,  columns,  or 
■"  Ibea  rig  v  ill; 

•  Beam  ft  <  nin<  is    'pii   Ily,    in    j ,  I  part  of  a 
steel  )kele  on  fi    i«  system, 

•  Closely  •;  Ket    >;!'■   ]  mt    or  open   -  bjoi      m 
besuppot  edbybi  im  -orlo  ;<,  iring  walls. 

•  >t      led  ng<  -  ",n  Ij  inks  h  iv<  r<  lively  -ho 

spans, 

•  Joists  have  limited  overhang  potential. 


o— 


Wood 

•  WoodU  m  suppo  i  s  rui  ti  i  I  planking  or 
decking. 

•  Beamsi  laybe  >i  p  !oi    • Ibygii  ! ;     k  si    . 
loadbearing  walls, 

•  Coneentr    id\  >  -     md  !<" i    -mines may 
require  additional  framing 

•  Undersidi  ol  fl  o\  strud  in  m     b      t  exposed; 
an  applied  ceiling  is  optional, 

•  Relati  .  i",   m  ill  ciosel    p     djoisl     layb. 
suppo   edby  <■■   m  oi  badbi   rin    -  ill  ■ 

•  Subfloi    •    j   <•  I  '■  sen    m  ,    >  >li ;(     :i  in 
finish    have  i     tively  short 

'  Joist t  ■  lirn  ;  fl    bl    >     iapi  and  form, 
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1"  (25)  clear  minimum  or  not  less  than  1-1/3  x 
nominal  barf  or  size  of  coarse  aggregate  -- 
I-V21'  (55)  minimum  cover  required  to  protect 
steel  reinforce!  -  n1  from  fire  md(  irrosi(  n 
5/4H  (19)  bevel  or  chamfer 


Reinforcing  bar ..  (tend  ntc  and  down 

column  support  for  structural  continuity 
and  to  develop  the  required  embedment 
length  for  anchorage. 
Continuity  between  columns,  beams, 
slabs,  and  walls  i  -  'equin  I  to  minimize 
b<  a  ling  noments  11  tf  si  |m  ;tures 
E3      .      ontim  ityi    ■ '  it  ittainal  I 
in  concrete  «  >i   trm  ti  >n,   trui  U  re 
continuous  over  three  or  more  spans  are 
i"  i!  Ilythi  rno  d   nfi«  1    , 


4."  Of 


R*  ini  )i  d  m  r<  ebe;  re  n  d  >ign<  1  toad  i.  <"  hei  with 
longitudinal  and  web  reinforcement  in  resisting  applied  forces, 
Cast-in-piace  concrete  beams  are  almost  always  formed  and 
placed  along  witl  the  T  ?  the\  mpporl  i'  -,,1  h  portion  of 
the  slab  acts  as  an  integral  part  of  the  beam,  the  depth  of  the 
beam  is  measured  to  the  top  of  the  slab, 

"*  Beam  depth  n  -"  (51)ini  rem  :t  i  « 

•  Rule  of  thumb  fom   timatingd  nth  of  a  concrete 
beam;  span/16 

-  Effe    \  X  ptl     sues   ured  ft  >m  th<  <  on  pi    ?  >i  s 

face  to  the  centroid  of  tension  reinforcement, 

•  Peam  width  is  Vs  to  V2  of  beam  depth  in  2"  or  5" 
(50  or  75)  multiples. 

-*  f3earnw  |Mi  moi  Id  be  eg  talto  irgn  iter  than 
width  of  supporting  column, 

•  Whenever  possible,  vary  required  steei 
reinforcement  rather  than  beam  size, 

'*  Top  bars  are  longitudin  ilbarsservi  igastension 
reinforcement  in  the  section  of  a  concrete  beam  subject 
totheupwai  i  bending     1  u  (ativs  moment.  Top  bars 
mayalsoh  requi «  1  when  t  ;/  beam  depth  is  limited 
and  there  i    n  i  ifft     I  c  -a.  1  !<  meal  !  handle  the 
compressive  stresses, 


Wi  br<  inf<  n  menl  e  n  a;  t:  >i  entl  a  )oi  stirruj  > 

placedinaconcretf  b<  m  ti  r     st  diagonal  tension. 
Bentl  .i     n  long  tudinalbai    '  rl  to  in.  ngl 
o\  30°  or  more  with  the  axis  o\  iconcn  tebeam, 
, .  rp<  ndi  ulartoandinti      c1  ng  th<    rackii  |  th  ! 
com  occur  from  diagonal  tension, 
!  tirn  p    re  ny  of  th<  Lh  i  ped  >i   losed  loop 
bars  placed  p  r\  h  It  ilat  U  t  iel<  igiludinal 
reinforcement  o\  1  oncrete  beam  to  resist  the 
verti;  il compel    11   fdi  \o\  ill  n  ioi 


Ho  ksareb  id;  pVi  ntoth  end  <! 
I  nst  nbar  od  elopanequ  I  n1 
f  n  In  1  I  tii  th  ft  1  1  horag  A 
standard  hook  is  a  90°,  135°s  or  150° 
bend  mad.  ,  '  •  end  of  a  reinforcing 
bar  according  to  industry  standards 
w  that  diu  ■'    e !  a    h<  b  1  dial  teti  i 


Bottombat    ire  longitudinal  ban    erving  as  tension 
reinforCi  m  ml  i  1  fir1  >  « tion  I  s    >m  n  teb<  m 
ubj  ii       nomen 

Truss  bars  are  longitudinal  bars  bent  up  or  down  at 
points  oi  lie  m  nl  reversal  in  a  com  retebi  im 


1   1 


1 

! 

! 

!P     I 

Diagonal  tension  results  from  the  principal 
i.  nsile  >t\  ss<  >  l  ;tin<  »i  in  it  jt  tothf 
longitudinal  axis  of  a  beam, 


Concrete  slabs  are  plate  structures  that  are  reinforced  to  span  either  one 
or  both  directions  of  a  structural  bay,  Consult  a  structural  engineer  and  the 
building  cods  for  the  required  size,  spacing,  and  placement  of  all  reinforcement, 

One-Way  Slab 

A  one-way  slab  is  uniformly  thick,  reinforced  in  one  direction, 

and  cast  integrally  with  parallel  supporting  beams, 
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-*  Tensile  reinforcement 
—  Shrinkage  and  temperature  reinforcement 
perpendicular  to  main  tensile  reinforcement 


Rule  of  thumb  for  estimating  thickness: 
span/50  for  floor  slabs;  4"  (100)  minimum 
span/58  for  roof  slabs 

Suitable  for  light  to  moderate  loads  over  relatively 
short  spans  of  &  to  )&  (1650  to  5430) 
Slab  is  supported  on  two  sides  by  beams  or 
ioadbearing  walls;  beams,  in  turn,  may  be  supported 
by  girders  or  columns, 


One-Way  Joist  Slab 

A  joist  or  ribbed  slab  is  cast  integrally  with  a  series  of  closely 
spaced  joists,  which  in  turn  are  supported  by  a  parallel  set  of 
beams.  Designed  as  a  series  of  T-beamsf  joist  slabs  are  more 
suitable  for  longer  spans  and  heavier  loads  than  one-way  slabs, 


Tensile  reinforcement  occurs  in  the  ribs. 
Shrinkage  and  temperature  reinforcement  is 
placed  in  the  slab. 


See  12,04-12.05  for  a  discussion  of 
concrete  as  a  construction  material. 


-*  5"  to  4  -V2"  (75  to  115)  slab  depth;  rule  of  thumb  for 
total  depth;  span/24 

-*  5"  to  9"  (125  to  230)  joist  width 

-*  Fans  are  reusable  metal  or  fiberglass  molds,  available 
in  20"  and  50"  (510  and  760)  widths  and  from  6"  to 
20"  (150  to  510)  depths  in  2"  (51)  increments.  Tapered 
sides  allow  for  easier  removal, 

-•*  Tapered  endforms  are  used  to  thicken  joist  ends  for 
greater  shear  resistance. 

j  Distribution  rib  is  formed  perpendicular  to  the  joists  in 
order  to  distribute  possible  load  concentrations  over  a 
larger  area;  one  required  for  spans  between  20'  and  30' 
(6  and  9  m),  and  not  more  than  15'  (4,5  m)  o.c.  for  spans 
over  50' (9  m). 

—  joist  band  is  a  broad,  shallow  supporting  beam  that  is 
economical  to  form  because  its  depth  is  the  same  as 
that  of  the  joists, 

—  Suitable  for  light  to  medium  live  loads  over  spans  of  15' 
to  56'  (4  to  10  m);  longer  spans  may  be  possible  with 
oosttensioning, 
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Two-Way  Slab  and  Benin 

A  two  i/e  <  labo  iniform  hickne    may b  i  infoi  "'it  f  <  lire  tioi    ind 

i  in1  ;0i  i,\    ith  supporting  b{  im&  i  l<  olumn  •  )i  ill  ou  >id(  -n  qu !  < 

or  nearly  £  uas   bay      m  \       lab  and  beam    n    ruction  effective  for 

medium  spans  and  heavy  loads,  or  when  a  highresii  tanc<  to!  teral  forces  is 
required,  Force;  n  >i  iy,  h  mt  m  two  w  >  si  ib  ,  r<  u  m  i  lycon  »tru<  ted  i; 
flal  slabs  me}  iti  iwh  ioi  tb<  in 


/ 


ir 


ii! 


-  f  (10  ')  linin  urn  si  il  lepth  rule  '  thu  nb  f<  t   I  ib  lej  th 

•  I  il  pr  rim*    in"1 

~   I  m  il    einl  >rci  nent 

-  Two-wa^     jbsaremostefficienl  /I  n  spanning  quai   or  nearly  square 
bays,  itid  citable  fort  mrying  intei  n<  liat  t<  heavy  loads  ov  r  15' to  40' 
(4,5  to  12  m)  spans. 

::^  1  )sim|  !i'  *[''«  p  iceffli  it  of  n  ni  m  me     d    wo  »•  iy  labs  ir  divided 
into  column  and  middl     trif     ■   hinw  ilcl  mom  n1  >pei  I  oi  are  assumed 
to  be  constant 

*  A  (on  -1 1  iou    Let ,  tending      i  .urn  turai  nil  )  ei  thn     h  i  on 

•  ij  p  H-  .«i  igivei  dira  i"  •,.  i  ■  ubjed   •  l.  m  I    idin  j  morris  i  tsthana 
■   i-  •  ofdiscrel    ■  imply  supp;  rted  >!  ib 


1     ' 


]!fc 


j  >-     j 


. 


■•v3 


m  Wa]  A/    s    ila 

A  waffle  slab  i  i  two-way  concrete  lal  'einforced  by  rib  in  two  directions. 
Waffl  sla!  >ai  ble to  ca  ivierloa  i l  '>•  il<  i  ■ i  < '  'ur.es  than 
fiat  slabs. 


Tensile  reinforcement 

5"  to  4  J/z"  (75  to  115)  slab  depth;  rule  of  thumb  for  total  depth:  span/24 

5"or6"(1  5  -i  1 50)  rib  width 

•  I  ii   me1  lorfi    yjI  r  >dome    >rm:  ir    w  il  ibl    1 19" and 50" (465 
and  760)  widths  and  from  &"  to  20"  (205  to  510)  depths  in  2"  (51) 
im  rerru  i1  <  '  irg<    >  : :«  as  ,;  >oa  tilabli   i  pei    h  id     i  l<  i  foi  >  isier 
removal. 

19"  (455)  domes  and  5"  (125)  ribs  create  a  2'  (610)  module;  50"  (760) 
domes  and    '(1  >0)ril  >pi    Ii        '  |  fl  ?)  module. 
For  greater  shear?  rencjth  and  momenl  *i    stingcapacity  solid  heads  at 

slum      ppo     as  formed  by  on  ttincjdoi    i'  rm  .  i  -  depen  I  u  n  pan 
and  load  conditions. 

:  ui1  iblefot  ipan:  of  ;  I  to  5' '('/  s  I6m);l  >ng<    .pan    n<  yl    p<  sibls 
with  posttensionincj, 

For  maximum  efficiency,  bay     houldh    qu  in  or  nearly  squan  i 
possible.  Waffle  slab?  t  m  bf    fficien  y<  in  >\o  red  n1  u  lirectionsupto 
Vs  of  them,  nspan.W!  n  no  cantilever  i  presenl   jpi  imel  t   labbandis 
formed  by  omitting  dome  forms. 
Coffered  underside  is  usually  left  exposed. 


Two-Way  Flat  Plate 

i  fiat  pi      ■        ncrel       b<      liform  thickn         n  >rced  in 
two  or  m<  i    ii    Won    „,,'  >uppor1      irectly     columi      i  ho  , 
bi    ii  -«   gir  le «    'in ;  li<  h  /  ,  fi  rn  mq    wer  floor- to-fl  n 
!ir  jhl  ,  i  id    mi  J    ibilify  in  coti  mnplaa      i    i  k<  flal  pi  iti 
p      icalfo   i|  rt  ien1  an*    o   Icon    s    tion 


J 


/ 


Tensile  reinford  mes  i 

5"  to  12"  (125  to  505)  slab  depth; 

rule  oftii'  i  i  •  or  lab  depth  >pan/;  '< 

!  uitabli  fo  ko  m  t )  modi     I   ii  -  Isi  <;  i  •  lati    y  short 

spans  of  12' to  24' (5.6  to  7  m) 

While  a  regular  column  grid  is  m<   I  ippropriat    some  flexibility 

in  column  pi    m  :  I  i<  p^   «'  I 

5li  ,   ;   .  J  nn  I    itii  n  gov<     <i     thi<  n  ;  ofafl    pi 

:  uni  n'n  ish  ari    , .  po    n  iailyhigh  hi  i  ing  ti      devel  •;.- 

bythereactiw  foi     oi  a  colu  ririon  i  .  infon  <    i  terete  slab, 


Two-Way  Flat  Slab 

V   .   1  ib  is  a  flat  pi  U  thi  ken<  datit   i  )lui  in  support    to 
ii  reas  ii  >  shear  >tren<  tl  ,  idmomenl  resisting  pa* !-  a 


1  n  ,    (  tfoi  ement  "" 

6"  to  12"  (150  to  505)  typical  slab  depth;  — 

rule  of  thumb  for  slab  de\  th::  pan/36 

Drop  pan/  i  the  portion  of  a  fla-1   '  ib  thick,  ned  around  a 

colum  shf  -•  i-  inc  ;aseitsr « is1  ncetopunchin  "  hea 

I  -i  ii  m  ,  •  r<  ;•/ 1      of  drop  panel     25       ib  thickness  -~- 

inimum   idth  f  drop  panel;  i  35    »  • 
( olurnni  pi1  ill  i  lyb  u    din  »l  •   o\  i  im  >i  juri<  tion  with 
a  drop  p.  •■  ;|  fo  in<  n ,  sed  h<  irresista  ice, 
Suit,  bl  foi  e    K  I  he  vy  .      -  m-  me  from 
20fto40'(6to12m)  ^,__ 


j  | 


«i 


L J 


BP 


ESTRESSfci 


w;m  if  i 


leelii  ndon    i  '  In  t  tre  ched  icro  '  j:*  ca  ting b  db<    veei 
two  abutments  until  a  predetermined  tensile  force  is  developed. 


Prestressed  concrete  is  reinforced  by  pretensioning  or 
posttensioning  h  jh-strength  steel  tendon  withii  their  elastic 
™-      limit  to  actively  resist  a  service  load.  The  tensile  stresses  in  the 
tendons  are  tran   em    to  the  <  >nci  0  f  i  •  ing  t  leentin    ros: 
1  section  of  the  flexural  member  in  compression,  The  resulting 

I      compressive  stresses  counteract  the  tensile  bending  stresses 
j      from  the  applied  load,  enabling  the  prestressed  member  to  deflect 
!      less,carrya  reater  load,  o\   pan  a  greater  distance  than  a 
)      conventionally  reinforced  member  of  the  same  size,  proportion,  and 
i      weight, 


[       ,': 

-■-   '                 -    I  -n- 

I  V     ' 

•  _    ..,.     .. ,  1      •/  1 

Conct  tei  tin  i  cast  in  formwork  roi  nd  the  ti  U  I  d  tendo  md 
ulby  un  •  fh<  i  ndot  iareplacedi  <  itricall^  ii  <  rdei  t<  \,\  <  th 
m  ixi  :i  ii  icon  pressiw  ■  tre  »s  oth  tpn  dm     by  ei  liru    I  >n 


then  3i    tw<    >; '  rofpn  >tn     ing  techni  [Ui  >  ?n  ten  .ioningi . 
accomplished  in  ape,  Tang  pi  ni  whit  posttensioning  is  usually 
performed  at  the  building  site,  t\  n  •  ial ;  ivh<  a  th     t   id  iral  units 
in    ool  irgi  U  \r  vv  porl  fr  m  fa  t(  >  to  ;it< 


Whi  ith(     ndons  are  cut  or  reb  is  d  th<  ten  il<  mn  -sesinthe 
t<  ndon    ire  I    nsferi  id  I     heconi    I    throtigl  bond  A 
Theeccenl  <  \  tion  fth  pn   tn     ing  produces  >  >!ig  n    j  w  ii  I 
irvatun  o     mb<   i i ::     i  " !'  i 


Pretensioning 

Pretensioning  pi  str         i  concrete  m  nber  by  stretching  the 

reinfon  ing  tendons  b<  fen  th<  con  ret{  i     i  i 


i!  :defl<  tion  1 1  thi  m<  i  a F  undei  lo;  I  ng    mdi    <  eqi   Ii  <  it 

upward  curvature. 


C3 

r 


ti 


[v  i  i  oad  a.,  -   es 


Pn  .tre  6  tre   -  s 


Combined  d  id  load  and 
prestress  tr<  »S( 


ii 


Dead  load  and 
prestress  stresses 


Liv<  load  sin 


W 


'  inal  combined  itn  •  - 


CSI  MasterFormat  03  38 

CSI  Mosterformat  03  40 


Posttensioned  Concrete 

Precast  Concrete 


h  certain  an  >un1  d  inil  alprestn      »lo  *  du  tot!   i  oml  -  d 
effects  of  elastic  compression  or  creep  of  the  concrete,  relaxation  of 
<<  ,  f    Luc  ns  fri  ti  lalloss      md  slippage  i  1 1<    ru  i    ig< 


The  extremely  high-strength  steel  tendons  may  be  in  the 
form  of  wire  cables,  bundled  strands,  or  bars, 


Posffensloning   — 

Posttensioning  is  the  prestressing  of  a  concrete  member  by 

tensioning  the  reinforcing  tendons  after  the  concrete  has  set, 

*  Posttensioned  members  tend  to  shorten  over  time  due 
to  elastic  compression,  shrinkage,  and  creep.  Adjoining 
elements  that  would  be  affected  by  this  movement  should  be 
constructed  after  the  posttensioning  process  is  completed 
and  be  isolated  from  the  posttensioned  members  with 
expansion  joints. 


Unstressed  steel  tendons.,  draped  inside  the  beam  or  slab  form,  are 
coated  or  sheathed  to  prevent  bonding  while  the  concrete  is  cast, 


After  the  concrete  has  cured,  the  tendons  are  clamped  on  one  end  and 
jacked  against  the  concrete  on  the  other  end  until  the  required  force  is 


the  tendons  are  then  securely  anchored  on  the  jacking  end  and  the  jack 
removed.  After  the  posttensioning  process,  the  steel  tendons  may  be 
left  unbonded,  or  they  may  be  bonded  to  the  surrounding  concrete  by 
injecting  grout  into  the  annular  spaces  around  the  sheathed  strands, 


The  deflection  of  the  member  under  loading  tends  to  equalize  its 
upward  curvature. 


Load  balancing  is  the  concept  of  prestressing  a  concrete 
member  with  draped  tendons,,  theoretically  resulting  in  a  state 
of  zero  deflection  under  a  given  loading  condition, 
Draped  tendons  have  a  parabolic  trajectory  that  mirrors  the 
moment  diagram  of  a  uniformly  distributed  gravity  load,  When 
tensioned,  the  tendons  produce  a  variable  eccentricity  that 
responds  to  the  variation  in  applied  bending  moment  along  the 
length  of  the  member, 

Depressed  tendons  approximate  the  curve  of  a  draped  tendon 
with  straight-line  segments,  They  are  used  in  the  pretensioning 
process  because  the  prestressing  force  does  not  allow  for 
draping  the  tendons,  Harped  tendons  are  a  series  of  depressed 
tendons  having  varying  slopes. 


ttJMHREYf  [FUSliiWOIl 
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Proprietary  systems  are  used 
toformjoi  I  mdwafflt  slabs 
I  on    m  n)  stand  ird  I  >rm 
should  be  used  in  a  repetitive 
i  mnei  wl  nevet  c  >  ii 1. 

•  Knee  brace  -x 

•  Ledger  ..__y//' 
»  flocking  -1/ ... 


Kicker 


traced  T-  and  L4ieads  provio 
support  foi  beai  i  forms, 
Using  columns  and  beams 
of  a  constant  section  and 
varying  the  amount  of  steel 
reinforcen  i !  to  carry  the 
si  p<  ■  I  load  n  suits  in 
greater  economy. 
Shoring  must  be  braced 
in  both  l-h  vertt  il  and 
horizon  i  i  , '  ne:  to  -i  iffen 
and  prevent  buckling  of 
in  lividual     ml 
form  work. 

Sills  may  be  required  to 
distribute  thi  tioringload 
over  g  reen  concrete,         / 


1   It 


\  N 


Fresh  concrete  must  be  shaped  and  supported  by  formwork 
until  it  cures  and  can  support  tseii  Fhisformworl  is  often 
designed  as  a    parat*    tructurai  system  by  an  engineer 
ecaus<  .  I  in    ( n:  ideral  l<  *  i  hi    mm  lidpt    >  un  i 
concrete  ma       irn  xert  on  it. 

/*  Si  ib  jfieatb    \o\  piyw  >;M  lardl  oard  m board  > 


Metal  oi  '''ned  joists 


^  Stringers 

To  support  beam  md  slab  forms  until  th<   >l  iced  concrete  can 
cure  and  (mr'f-f  r  n  ,  lf,t<  npoi  irysuppo  I    '  illed  shoring  are 
used. 

-  '-!iu  i,  1 1<     ioi  sai   me1  lorivi  od  ind    i<  t, !  hi  i 

iv  n'l    1  with  jacks  or  screw-type  devices  for  adjusting 
theelevatii  isofthi     \m  som    the)  ire  placed;  various 
'I    (scan  I     iterchang^    itth   op  oi     rti  il 
extensions,  Ltheads,  and  T-heads. 

-  '  ingl   |  o  s  mod  hor  ..  n  (  i1  >Iig  itiy  >hor1  oi  th< 

■   ;i    !,  b  i1  on  i  '  idji  ted b^  drh  ngs  o     nw  dg* 
under  the  shore  or  at  its  top, 

•  Double  post  shoo    mayb<     s,  mbl   Iw   Ik  w    bracing  for 
r<    i  «  I  '    ivy  loads, 

•  Horizonl  ■  ho  ingconsi      oi  s,-;1   tabl.  nel  In     bet 
used  I.-  mj  oi    mibt    nsovi     •    parativel^  long  spans 
withi  i  ii  ti  rv  nil  ■••■     i  i  h  ■  •  ;     i  »n1  ilshoring 

j>, ,     fewer  vertical  hoi  i    in  in ;    coi  ipar  ti1  l  • 

,  n  iter  h  d  in  lb  i\     op<  i  pam  -m  h  for  work,  but  each 
vertical  supportf  irri     igre  ter  concentration  of  load. 

•  After  a  concrete  slab  or  beam  has  cured  suffii  ientlyto  carry 
its  own  wi  ght.ti   <  rigii  if   >n  vorl  i:  rei  i    d  and  the 
slab  or  bean  h  r<  hored  until  th<  con  rei  ;  reaches  it  full 
strength, 


i  lying  form  ■  in  I  rg<  sections  oi  formwork, 
including'  uppo  ting  tru:  •  %  beams, or 
scaffolding,  that  can  be  moved  by  a  crane  in 
constructing  thi  co^  \  U  Root   and  roofs  of 
m  Itis  <  «v  buil  lim 


J" 

"^»»___™„ 

1 

_1 

i 

ii     ;;!.;.„ 

i  ■ 

u 
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Hi 

JLJJ 
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r  ,,    -  i  . 

iJiiii 

pi 

See  5.07-5,05  for  the  formwork 
required  for  conct    ■    olumns  and  walls. 


Lift    labconstr  iction  is  a  technique  of  coi  »tn   ting 
multistory  building;  inwhii  i  all  hori  onl  il  slabs  are  cast 
at  ground  level  and,  when  cured,  ait"  isedintopo      >nby 
hydraulic  jacks. 


CSi  MasferFormot  03  10  00  Concrete  Forming  &  Accessories 


.  /    .< ,   ,     1       bs.t    m    md  structural  tees  are 
,    -way  s|  inni  i^  units  that  may    -  t   poi      hv;  ii    .  , 
concr<      i  rec  ist  concrete,     masonry  b    ring  wails    i    / 
steefsitecastconcrel    or pr;    st<  nci    •  ■•.  mes. The 
precast  unil  >arem    ul  h  tui  id  i\  h  n<  rmal  lensityor 
tructi      lighl   .  ,m  ■   on  fid  p      res     Iform    I 

structurah  fficiency,  which  resul    :  i     s  depth  reduced 
i'!i.    n  \on§     p 


Theunitsard  is1  md  ■<  im-i  iredin    pla  11  off  site, 
transport      oth  cos   Auction  ite,andse1  npl    e  as  rigid 
component  with  cranes,  fhesi    and  proportion  of  the  units 
laybi  in  ite l      he  i        softra     wl  i    »n  Fabri     i  m  i 
i    ctoryenvi  onn  n  .     bie .  the  uni    to  haw    cotisistenl 
quality  of  tn  i  jth  durability   n   fini  -Ii,  n  d  eliminates 
tha  need  01  on  >t'1    fc  1 1  /ork.  fhi  m<   ulai  natun  o  th 
»t  i  id  ird     '"Mi1  h  >'\  m\   n   ■  r  I  bi    i  h  i  *i. 
forirregul;  i  n  il  1 1 ;  shapes. 


pn     si  <:  I 


A  2!!  to  5J/, "  (51  to  90)  concrete  topping  reinforce 
with  steel  fabric  or  reinforcing  bat  ;bon  s  with  the 
precast  u  iits1  iform  « ompo  ite  trm  turalunit 
Grout  key  -...^ 


Small  op.  nin  smayb    ut  in  hi  fii ] ' 
irro    openings  parallel!     lab Sf 
in  i  •  !.  rn  - 

Engineering  naly     i  i  quii  vl  for  wide 
openings. 


The  topping  '  o<  mi     »     lysuri  i<    irrepl  irities, 
increases  tfa  ii    re  i  i  incei  itii  a  -  the  slab,  and 
accommodates  u  id.  rflooi  condu ,  for  wiring. 
1  hen  th    boring  -    »l      id  and  carpet,  the  1    -m  \t 
m  yl   oinitti    if:  m  oth-sui    ceunii   m  used. 


Precasl    la     ,<e<  I  ■  upp  -'red  by  a 
structural  fi  mm      iitei  i<  I  o\  precast 
concrete  |ii  er:  an  Icolu  ins,  or  by  a 
lea  'b-  irin  i  m\\o  ma  wiry  sitecast 
Ci  nci   ^  oi  pi  ?cas1  concrete 


If  the  floor  is  to  serve  as  a  horizontal 
( i  i  hra  i     ndti    isfei     ei  i  forces  to 
-hi  '    alls,  si    Irelnfo     m       !  i  >  i 
th  pre  i  .  si, :  ui '    to    i<    othi  i   w 
their  suppoi       id     th     end  bearings. 


Jnd   side  of  preca      \ 

iulke<    i    |    ntft     ceiling 
finis!     ly     •    .  ■;  ylied  in  or 

iu  pend     ■        '  * 
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12     PREa!  I  CiliClini  UNITS 


(1220]typica!width 


Solid  Flat  Slobs 


4",  6",  ft"  (100, 150, 205) 


12'  to  241  (3.6  to  7  m)  span  range 
Rule  of  thumb  for  depth:  span/40 


'    ;  i  ) •    )  \   I 


I    '  r  l-",2'-0",3l-4",4'  ;'  ;'  0" 
fd03,0|0.i01  J22n,2oHO) 

Hollow  Core  Slabs 


6,0,10",  12"  (150, 205, 255, 305) 


12' to  40' (3.6  to  12  m)  span  rangi 
Rule  of  thumb  for  depth:  span/40 


i      i 


cd   nd  10' (2440  md  5050] 


Single  Tees 


1J/2"(30) 

5"  (76) 


20"  to  40!i  (510  to  12201 


50'  to  120s  (9  to  36  m)  span  range 
Rule  of  thumbfor  depth:  span/30 


3' and  10' I  'I  \0  ind50!  0) 


]2,!to52"(505tod15) 


2"  (51) 


Double  Tees 


4  ind5'(1  !20a  d1525) 


•  Doubli     ■     \ow\    .       '     iporai 
iupporl  ig  -,'•  i  .<  tipj  ing. 


30' to  100'    i     30  m)  »panrangi 
Rule  of  tin  ■  I  foi  depth    pan/    > 


24",  52",  40" 
(610.315,1015) 


0"  (505) 


1'-0"(305) 


fed 


6"  (150) 


•  ]Z'orl6"  *-  Va  to  Vz  of  "  20"  to  60"      .  15' to  75' (4.5  to  22  m)  span  range 

(305  or  405)  total  depth  (510  to  1525)  •  Rule  ofthumb  for  depth;  span/15 

Rectangular  learns  L-Shopecl  learns  inverted  Tee  Seams 

•  Use  the  span  ranges  indicated  for  preliminary 

r/~    ;i  •-  sizing  only.  Consult  manufacturer  for  availability 

• .     /  \  of;  izes,  exact  dimensions,  connection  details, 

WA  i 

and  pai  load  tables 

3'-0",  3,-9",4,-6u  (915, 1145, 1370) 


-CT.MW&'i  0!  405   -10) 


AASHTO  Girders 


AA5HT0:  American  Association  of  State 
Highway  and  Transportation  Officials 
Designed  originally  for  bridge  structures  but 
ised  1 1  .  tim    inl  uildii  i  onstn   tion. 


36'  to  601  (10  to  W  rn)  span  range 


j*~—  Structural  pi     .•     on  II       Is;  Si  e  5.10. 

I         Extend  steel  dowels  into  reirrft         ortci      topping 
I  /      01  in  'm  oi    d she;     -     k        i  tin  h   n  nui 


Precast  Slobs 


'  roul  void;   »1  hoik  !co\    i  nil       .    i\ 

Into  concrete  or  masonry  support. 
High-density  plastic  bearing  strip 


Mi  lii  nimbi  mi  g!  ngtl  sh  mi !  ?    i1  i 

of  the  cieai   p  !<  u  n<  ties  tl  n  2"  (51)  for 

solid  or  hollow  core  slabs. 


itecast  concrete  toj  pii  |,  reinforce*      I      'o  iwi  e 
fabric  oi  reiirf     ingbars.boi         prei     i    >  i  s  to  form  a 
)ffl|     h     tri         i  unit;  2"  (51)  mini  nun . 


HI  !    "      ' 


Steel    irsi    .  p|  ingi  a  « 
grouted  key  joints  to  tie  slab 
u  litsovertheir  u\  pori 


S  i'f  ipi  ii  on<  t,  n  i  oi 
studs  on  steel  beam  project 
up  to  tie  into  to, -pi  ig. 


Precast  Slabs 


•  elpl  i    iv  Ided  to p!a1  ti  ito 

prei  i  i    ilab  >    i  <  oncn  I    support 


High-density 

plastic  bearing 

strip 


(   oul    !  she  ■  ;:  sb 
,  dja&    i  unii      >geth  I 


!  "  r 


/ 


High  d  :rt:  ity 

plastic  beari 
strip 


!"/ 


Grout  voids  of  hollow  core 
u  tits  I  support; 


meelti    into|  ping  or  in 
grouted  k  /joii  Ds 
Reinforced  masonry  or 
concrete  bearing  wall 


i«  el  ingle  weld  d  U  pi  tess  i  i1  into 

precast  tees  and  concrete  wall  support 


op  bars  continue 
nhrough  column  beyond. 


dais    dsitec     , 
concrete  topping  ^ 


Steel  )\ 

iti  veb 

edto 

angles  c 

astintc 

beam 

and 

structural  tee 

Precast  Strycfurol  Tees 


Minimum  be,  ringl*  m  b  houl  Ibeal       -  h  >oftl  span 

ii1    «.    ■     th  n3"(76)fi   b    i    or  temm    m    ibei 


Steel  mgl(  weld  )d  to  steel  plates  casl  into  I   im    idc<  umt 


>yn1    ti  rubbi  i  be,  ing 
Inverted  tee  beam 


Precast  leans 


•  thetii  •  bbei  I      in,  p«  d  — 
i  mnchcastwi  h  concrete  colui  in 


S   elbea  v.    •  t  ;a    info 

b  imrei  -   -;  dry  packw/ 

\ 

grout 

51    Iwide-flai     h  unch 

cast  in     -       te  column 

4J.M     STRIICNIKAI.  SYKEL  FRAMING 


Structural  steel  girders,  beams,  and  columns  are  used  to 
construct  a  skeleton  frame  for  structures  ranging  in  size  from 
one-story  buildings  to  skyscrapers,  because  structural  steel 
is  difficult  to  work  on-site,  it  is  normally  cut,  shaped,  and 
drilled  in  a  fabrication  shop  according  to  design  specifications: 
this  can  result  in  relatively  fast,  precise  construction  of  a 
structural  frame.  Structural  steel  may  be  left  exposed  in 
unprotected  noncombustible  construction,  but  because  steel 
can  lose  strength  rapidly  in  a  fire,  fire-rated  assemblies  or 
coatings  are  required  to  qualify  as  fire-resistive  construction. 
In  exposed  conditions,  corrosion  resistance  is  also  required. 
See  12.06  for  a  discussion  of  steel  as  a  construction  material; 
see  the  Appendix  for  fire-rated  steel  assemblies. 


Steel  framing  is  most  efficient  when  the  girder  and  beam 

supports  are  laid  out  along  a  regular  grid. 

Resistance  to  lateral  wind  or  earthquake  forces  requires 

the  use  of  shear  walls,  diagonal  bracing,  or  rigid  framing  with 

moment-resisting  connections. 

For  nonbearing  or  curtain  wall  options,  see  7.24, 


Metal  floor  deck  w/  concrete  fill;  see  4.22 


Connections  usually  use 
transitional  elements,  such  as  steel 
angles,  tees,  or  plates.  The  actual 
connections  may  be  riveted  but  are 
more  often  bolted  or  welded. 


\ 


Steel  beam  - 
Steel  girder 


When  bearing  on  concrete  or  masonry,  steel 
bearing  plates  are  required  to  distribute 
the  concentrated  load  imposed  by  a  column 
or  beam  so  that  the  resultant  unit  bearing 
pressure  does  not  exceeA  the  allowable  unit 
stress  for  the  supporting  material. 
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•  Each  pai  of  external    ilumn     ipports  liong  >|   ni  in , 
beamo  §irdei  fhi  ■  -y  -tern  is  ui1  ibL  For  Ii  13  narrow 

bu  Wing   1  p  ciallyi     fa<  olun  n  fi     >pa(   is  \e\  ii  -; 

One-fay  Beam  System 


f-*r-T- 


1     i 


1    1    >   1 


i    1 


4—: £  --*—  f 

.1       I       i      1 

(III 


— #-  -j— 1—~ |i 


Lateral-!'-; d    m  ingi  lecbanisms 

,  -,  •  ufre !  1  both  lired  on: 
butlates  ilforci     .  ,    obi  :nore 
critical  In  thi    hortd     ;tiom      A 


fe 


^l 


Girder 

Beams 


it 


j  f  l*- 


Typfcal  span  range  for  beams  is  20'  to 
52' (6 to'  i  j,  ibov  thi<  range, open- 
web  steel  jo  •  >becom  ne  onotnical 
alternative  due  to  their  reduced  weight, 

«  .  1     t  >p    I  Ho  I!   (12  )Oti 
4570),  de  < : '  i»(rn    ii  ni  udeofthe 

fpliedl     ]    A  )\  nnim  ,    ability  of 
the  floor  deck. 


1  'A  I  framin  a  houL  1  tilizi  re<  I  ngul;  rba  units 
with  comparatiVi  ly  lightly  loaded  beams  spanning 
farther  than  more  heavily  loaded  girders, 

Two-Way  learn  System 


/ 


Framing  beai  1  into  jirders  minimizes 
flooi  At  pish  s  \t  111  i  =i  ii  si  services 
canp  • '  ill  oiujhh  ',l  u1  .  >"!" 
beam  web: »  utl  irg  ii-:-  '.amy  have  to 
accommodated  in  a  suspended  ceiling 
pai    below 


Two-layers;  rtei  !,i  n  ises  floor 
a  pthi  onsidei  iblybul  p  widesmore 
;p  c<  foi  mech  mil  il  ervices 
■  -I  den   ip  1  nil  j  thi     or1  ."':'  o\  < 
bi  Idii  )c;    contribi     i     he  lateral 
tability  of  the  struct!  n 


|— {— -j— j-— I- 

I    j     I     (     | 

j,_i._[4~!- 


4-1 


T 


Primary  beams 
!  e    ni  iryb    1 


Whenalai.;  .  ( I  imi  ,  •  pac<  i  nasi  '  h  in  ii 
platefrdei  rtrus  (  •  •  edtocai  /the primary 
beam,  whii  h  in     nsnppo      !a\     >f  secondary  bea 


Long-spai  ninrj  leml     • 


Triple  lean  System 


BEAMS 


5  shape 


W  shape 

C  shape 

Stri    ui  ,!  fcubi  1 1 


Mo      true  turall^  *  fficif  i1  vid<    range  (W)  shapes  have 
largely  sup    >eded  the  cl      <    b    n|      hapes  Beams 
may  also  be  in  the  form  of  channel  (C)  sections,  structural 
ubing  orcoi  ipos      <  ti  W 
Rules  of  thumb  for  estimating  depth: 

b:Miim:::'M|SS' 

girders;  span/15 

Width -Vs  to  V2  of  depth 


Shea-  neral  objectiv  is  1    >•><  tk  ligh  <  1    teet  ection 
that  will  n ;  (51  b<  riding  smi '  hear  forces  within  allowable 
limits  of  stress  and  without  excessive  deflection  for 
intended  use, 

Inaddfl  ml  n  la  eri  ilcosl     il  ocoi   1  lei  th  i  boi  cosl  > 
required  f(  rem  Cion 


SSS 


$=3     I   £~i 


fSSSS 


Jt 


A 


Hate  girder:  are  built  up  fi  miplatesoi  Mapt  > that  are 
welded  or  rivet    Itogethei    ,   eb  plate  forms  the  web  of  a 
plate  gird-. i  ivhil  flang<  ingles  form  thi  topand  bottom 
fl  inges  Sh    i  '  tesm  iyb(  fasti  ned  ■  nm  web  of  the 
gii  i,  i  i    in?  n  1:    il  >n   istancetosh  a  ring   ta  "••  e 
( <  /( -  pi  iti    me  fa  «ti  n<  !  tothi  fl  nge:  01  ipl  it<  girdei 
toincrea  1  l     ectii  imo< !  ir    in  irea:    1  bje<  1  if  high 
1    idina  -tress.  ■ 


11  li  >  II  111'  I  il*1-.  1 1  \l   '  a  1 


■us;  net  .  igl  >  in  *  istened  oeach  >i<  -  o\  1  a  b  pi  iteto 
stiffen  it  again  1  mckling  bearing  neiffem    >  \\   aim  dat 
pointof supporter undera concent)  te  k  d; intermedial 
stiffenersareplai  ;dbe1  /eenbi  iringstiffeneesfor 
increased)  ■  1 .1  mi  e  to  diagonal)  on  pre:  ii  1  stresses. 


•  /  girdi  r    1  -  buih  upfrom  h  ip    and  h    <  ih<  lloi 

• ,  i  ingi       n  •  section 

( a  mellated  beai  1  -an  I  ibricatedby  lividing  the  web  of 
awide-sm  ng<  sectioi  with  a  « i  ithwi  n  ag  igcut  then 
welding  both  halve!  togethei  i1  th    n  il  -  thus  increasing 
'!  i  depth  withoi  i  men  1:  ingitsw<  i  (lit 
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There  are  many  ways  in  which  steel  connections  can  be  made,  using 
different  types  of  connectors  and  various  combinations  of  bolts  and 
welds.  Refer  to  the  American  Institute  of  Steel  Construction's  (ABC  s) 
Manual of "Steel Construction  for  steel  section  properties  and  dimensions, 
allowable  load  tables  for  beams  and  columns,  and  requirements  for 
bolted  and  welded  connections.  In  addition  to  strength  and  decree  of 
rigidity,  connections  should  be  evaluated  for  economy  of  fabrication  and 
erection,  and  for  visual  appearance  if  the  structure  is  exposed  to  view. 

The  strength  of  a  connection  depends  on  the  sizes  of  the  members  and 
the  connecting  tees,  angles,  or  plates,  as  well  as  the  configuration  of 
bolts  or  welds  used.  The  AI5C  defines  three  types  of  steei  framing  that 
govern  the  sizes  of  members  and  the  methods  for  their  connections: 
moment  connections,  shear  connections,  and  semi-rigid  connections, 


Stiffener  plates 
welded  to  colum 


Top  and  bottom  flanges 
welded  to  column 
Tab  plate  welded  to  column 
and  bolted  to  beam  web 


Weld  flat 

plate  bol 
mirderandb 


5S  or  use  a  splice 
d  to  top  flanges  of 


*k^       l-i 

Beam  welded  to  stiffener 
plates  and  bolted  to  tab 


emear  tome? 
Backing  bar 

Stiffener 


Shear  is  carried  by  plates 
.welded  to  girder  web  and 
bolted  to  beam  web. 
Plate  welded  to  girder  web 
and  bolted  to  bottom  flange 
of  beam 


Stiffener  plates  welded 
to  column  and  bolted  to 
beam  flanges 
Welded  all  around 


Welded  web  stiffeners 


Shear  tab  welded  to 
column  and  bolted  to 
beam  web    v  ,_^- 


Moment  Connections 

AISCType  1- — -Rigid  frame' — connections  are  able  to  hold 
their  original  angle  under  loading  by  developing  a  specified 
resisting  moment,  usually  by  means  of  plates  welded  or  bolted 
to  the  beam  flanges  and  the  supporting  column. 


Beam  continues  over  girder; 
bolt  to  keep  beam  from 


an 


Small  openings  may  be 
cut  or  drilled  in  web;  iarge 
openings  weaken  web  in  shear 
and  require  stiffening  or 

reinforcement. 


V  ia  :  KftBS  C011I    TION! 


A  framed  connection  is 
a  shea  ^resisting  steel 
connection  made  by 
welding  or  bolting  the 
web  of  a  beam  to  the 
supporting  column  or 
girder  with  two  angles  or  a 
,ingl(  t  1  plat* 


Two  angles  welded  or 
•Mi-  I-.,  oil  mn and  web 

of  beam    ~~- — 


Stabilizing  angle 


A  seated  connection  is 
a  shear-resisting  steel 
connei  Dion  1 1 1 1  by 
welding  or  bolting  the 
flan  ■    'iii  am  U  Ik 
supporting  column  with 
a  sea  angle  below  and  a 
stabilizing  angle  above, 


Sea    ingle  carri 
shear  load. 


!    !pL  teweli   d  < 
column  aii  I  bolted  to  web 
( I  bi  in 


A  seated;  >nni  ( lion  may 
be  stiffened  to  resist  large 
beam  reactions,  usuall  'by 
means*  Fa  ve  ticalpl  i1 

or  pair  of  angles  directly 

\o\     hi  hi  j.  ,  .ti  tl 

component  of  the  seat 

angle. 


/  ,;'    bolted     ' ;  l ',  •        I 
*f  girder  and  beat    foi  thi  top  of 
the  beam  to  be  flush  w/  the  top 
o!  it,,1  |irdf !  l*i.  top fl  ing  \o\ 
the  beam  is  coped  01    i    •    ly 


•  Twoangl      hops   Id     to 
beam  web,  id  fi  L  welded  to 

coin  in  n — -—•  - ' "" 

*  Bolts  hold  beai      pi         til 
iv<  Ids  are  m  ideonsite. 


jiisor  Loiiiiictions 


AISCType  2— Simple  Fram      c    n    Dion    iren 
to  resist  only  shear  and  are  free  to  rotate  under  gravity 
loads,  Shear  wall  i  or  li  igonal  bra(  im  i  required  for 
laterals!  i  il  jo\  th    >trui  lure. 


-  Endp!  iti    *eldi  Itobi  im  !l 
around  and  bolted  to  column 


Albwelded  connections  are 
a.   th  ti(  llypl  isingw  »pe<  ialh 
whengmim !  anooth,  but  they  can 
be  very r  pel  m  s  Fabric  >;- 


■'  ii  tigid  •  onnecfi  »n 
A1SC Type  5 — ^Semi  I  igid  Frame  -connections 
assume  bean    i  Igirdei  a  nnet  tioi  >po     s  a  limited 
but  known  m<  n  ent  n  listing  <  ipai    / 


If 


Open-w     joisl       ■  e ;,        11    hoj      w  to       el 
mem    i    h,  vino,     russ  .       \  .     ei      |i      basa 
•  1    on;   ;1  i  jo1  ■  ,i  ;,  ■  n1  I  i     in  lingi    i  i<  , 
pattern  h  tvvi    it!    upper  and!;       chords.  LH  and 
PLHserii  sjoi  -  .  hav  bea    r  weband  choi    n  ml 
for increa  •  dli   d:  ai  h     n 


% 


2J/2!S(04)forKse,-;1   ;     (125)1     :  f/DLH  series; 
7J/2"  (1190)  for  DLH15  and  19 

Mfnimun         i  l<  io4h: 


~wto 


K  series:  4"  to  6"  (100  to  150)  on  masonry; 
2J/?"(65)i  ! 

LH/DLH;  6"  to  12"  (150  to  505)  on  masonry; 
4"  (100)  on  steel 

tension  of  bottom  oh  rd  foi  direct         hmen 
of  ceiling  square    ndjoi:       -    nibble, 


>fil     "  op  i  '  eb:  teelji  istsvary 
according  U  1    nufacturer. 


Spon  longes  for  Open-web  Joists 

*  K seri<     •    ndard  \o\  >t;s;    'to 50" (205 

5K1      12' to  16'     (4  to  5  m) 

10K1  12' to  20'  (4  to  6  m) 
12K3  12' to  24'  (4  to  7  m) 
14K4  16'  to  2ft'  (5  to  5  m) 
16K5  16' to  32'  (5  to  10  m) 
]&m  20' to  36'  (6  to  11m) 
22K9  24  to  42'  (7  to  12  m) 
24K9  W%oA&  (7  to  14  m) 
25K10  25' to  54  (5  to  16  m) 
50K12   32'  to  60'  (10  to  15  m) 

•  LHseri  »    :;.,  .pa  joisl  >,  ■<  4,   ',  '(4! 

15LH5  2ft1  to  36'  (5  to  11m) 
24LH7  56'  to  4&  (11  to  14  m) 
26LH9  42' to  54'  (12  to  16  m) 
32LH10  54to0O!  (16  to  15  m) 
i ,    5  ■: 


1220)  dep 


-*  Joist  series 

-  Nomii     j         pthinin<  hes 
•  Consult   '      ..  I  !  ■  •  i  ■■   i  ut  ifi        •     1       ipl        id  II j 


DLH  series  deep  ionOjSpati  joists  are  available  in 
52"  to  72"  (1520  to  1550)  depths  and  can  span 
up  to  144' (44  m). 
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m    mm  web  mm  riijyisit, 


Floi  r  deck  spans  across  joists 


Floor  deck  ,  in  joi  >]  -paces,  ,,. 

Floor  deck  may  consist  of; 

e   \'j  aid    k'mcjWi  oncrelt  fill         \ 

•  Precast  concrete  planks  \ 

*  Plywood  panels  or  wood  planking,        \ 
requiring  a  nailabie  top  chord  or 

,  nail    boll    l       > ,'  f 


( 


oo 


i- 


;'    ; 


•  Open  webste<  I  joists  m  iyb(  mpporte  I  by  a  bearing  il! 
of  n  isont ;  )i  '•  iinfon  edo  u  reti  or  by  »1  ;elbearm  or 
jois  girders  whk  iar<  h<  Perversions  of  open  webjoist; 

-  Open  web  perrnil  the  pa:  >ag*  ol  nei  I  inicalsi  vices 
■"  Ceilingmaybi  ittached    (bottom  chords  or  be  suspended 

H  idditi  malspacefoi   -  vii  -    ts  require  i  ■<  ingmay  ilso 

be;  mil  edto  xpc  >t  joi  1     ndflo  n  li  ! 

•  Fire-resistanci   atingdepend  <s>i  tto  fire  rating  o1  thi 
fl  w  md  eiling  i   m  mbli<  >;  >eeA  »pen  li 

•  Spacing  1 1  joi  'tsisrel,  tedtothi  ma  ini  udt  o\  floor 
load  bh(  spanning  ipability  if  h  d  eking  m  iteri  il, 
■I    load-(  ii  yin  i    «j  ii  i  )  o\  the ji  i  .1    and  thi  flooi 

construction  depth  desired, 
-*  2ito1O'(610to  >0  0)  facing 

41  (1220)  !     ingcommoi  in  I  n  ,  buildings 
■»    loiol  !     n  houl  Inoti    -  id  !4xj     ;  depth 


I 


& 


,  '  / 


.'0'"/ 

/    -  -  f 


:f 


'  i  v. 


Horiz  mtal  >;  diai  ona    ri  iging  to|     /enl  I  itei  il 

movement  ol  joi  >1  cho  d 

The  relatively  lightweight  construction  is  analogous  to 

woo  I  oi  ■'  (ram in  j 

Becau     »!  I  icii <  i  mdardd  pths  indmanui  i    ured 

lengths,  open-webjoists  should  span  red  mguiarbays, 

'a.'  !  ,h  ime  ^vorks  nosl   ffici<  itly  vl  ntbi  jois    c  i  y 

uniformly  distributed  loads. 

I!  properly  engineered,  concentrated  load:  maybe  *rowr 

the  pane!  points  of  the  joists, 


Ml 


intit 


4"  to  6'  (100  to  15<     )rl 
63t  to  12"  (150  to  505)  for  LH/DLH  eriesj,  sfc 
prop(    ion!?    rin    irea    » that   nit  I      in 
ti   o  d< .    fol '     edtheal    /able  unit  si 
foi  thi  wall  i        al 
Secure eve\    oistl       .   . .! 
ma    med  n  wall. 


' '     I     im  '!.'!-    |i 
Minimum  I     i  rig  J  i  i  h 
2  -Vz"  (65)  for  K  sari     oi     . 
4"  (100)  for  LH/DLH  series  joists 

Two  Va'!  (54)  fillet  welds  1"  (25)  long  or  vtt  (13)  0  bolt 
For  LH/DLH     rlesjoi  tw    /    '  '•     lie      Id 

2"  (51)  long  or  two  3/a'  (19)  0  bolts, 


Horizontals  r diagonal bri  i,i«  [is 

!    Olh        0    ;*  .'    I     I  l   ■'■>■  W   " 

of  joist  chords, 
rid    !  i    faced  fi    n  IO'to20' 
(5050  to  80    '         -     idingoi 
joist:  pi  n  ndi  h<  dsizi 
Horizoi    ilbi  dgii     1  lot    ,  '    /elded 
totopan  II   Li  mchoi 
U;  :di  gon  1     ';!•>,;    1,''         ,    / 
PLH  series  jc    ;s 

Weld  or  bolt  bridging  to  clip  angles 
secured  t    11     >m  ,■    ill  01 :  keel 
edge  beam. 


m  ill  op*  lings  n  lyl  if  n  1 
h    t  '    ig    h    de 
supported  by  trimmer  joists. 
Large  openings  require 
structural  steel  framing. 
Header 


Limited"1;  hangs  are  |       ij      *  (the  top 

chords. 

Extended  ends  of  steel  angles  or  channel  sections  are 

iilablel      hortoverhai      :  , 
overhang  ray  extend  5'-6"  (1(         ith  an  allow  ible 
load  of: 


/A  .    nn  >f,  ii  r  r  •«     .     •  ,  a-'  i  im  <-, 


Concret  floor  slab 

2  J/2n  to  3"  (64  to  75)  typical; 

2"  (51)  minimum 


\ 


%  Continuous  bearing  angle 
to  support  dec!  edge;  mchorbolt 
to  masonry  wall. 

^  Steeljoistorbeam 


Metal  decking  is  corrupted  to  increase  its  stiffness  and  spanning 
capability  11k  floor  decl  >ervei  v.  ■  working  platform  during 
construction  and  as  form  work  for  a  sitecast  concrete  slab. 

*  the  1e<  kirii  )anelsares<  <  i  'edwithpu  idl   wel  I:   >i  *  h<  u 
studs  welders  t  hrough  the  <  let  1  ing '  o  I  he  suppoi  I  in    <1  eel  joists 
or  beams, 

*  Thepai  Ii  irc  fa:  tenedtoeai  bother  ilongtheii  sidi  .with 
screws,  welds,  or  butt  npun<  lings  mding  seams. 

«  If  the  deck  i  tosem  isa  tructural  diaphragm  and  transfer 
lateral  load  >  to  she  i  walls,  H  .  entire  perim<  tei  must  be  welded 
to  steel  supports.  In  addition,  more  stringent  requirements  for 
uppoti  an j  Ut  !  ip  fastening  m  ly  ipply 


there  an  i  ire;  m,  j<  f^'v    of  me  \\  decking. 


•  9/io"(14)  ;  nningf-i  "to 3' I  55 to 915) 

•  1"  (25)  spanning  31  to  5'  (915  to  1525) 

.  2"(i  1)    >anning5'to12,(1525to3<  60) 


•  Form  decking  >erves  as  permanent  formworl  for  a  reinforced 
concrete  slab  until  the  slab  an  support  ii  ell  md  its  live  load, 


i  >2"(:  3)  .|  inning  l-'to0'(122(  I  »2440) 

2"  (51)  spanning  5' to  12'  (2440  to  5660) 
5"  (75)  spanning  &  to  15!  (2440  to  4570) 


jmposite  Decking 

( !  i  ipo:  i  >  it/ !  ng  >erw  ■  ■•  tensili  reii  l<  r<  m  m  foi  th< 
concrete  slab  to  which  it  is  bonded  with  mbo;   edribpatt  r  > 
Composite  iction  between  heconcn      .lab and  the  floor 
beams  or  joists  can  be  achieved  by  welding  shear  studs  through 
tk  leckingl    th    upportirig  beam  belov 


,.f' 


1-Vz"  (3ft)  spanning  &  to  12'  (1530  to  3660) 
2"  (51)  spanning  &  to  12'  (1030  to  3660) 
3"  (75)  spanning  10!  to  16'  (3050  to  4575) 


CSi  Mosferf  oniiot  05  30  00  Metal  Decking 


Cellular  Decking 

•  CelluL .  decking  ism  in  rl  -  ture  i  by  welding  i    >rn    itedshe; 
toaflal    te  I  ;h<  I  formii  j  a  series    f  >paci    o    \a  way 
f  -I   le<  trie,  Ian  Icomn  unu  itioi    mm  \  peci  il  i  toul     n 
available  for  floor  outlet  .  fhedei  kingrn  iy;  erw  asanacoustic 
ceiling  when  thi  p<  foratedcelb  as  filled  with  glass  fiber, 


Rule  of  thumb  for  overall  depth;  span/24 

Co  •  ult  Id  em;  .ml  i<  bur  rfo  pa  t<  m  •  v  Ith;  I  ngtl 

gauges,  finishes,  and  allowable  spans. 


I  i  v;  ■   u  ;«•  ■•■  Ijoi ;  ■    r«  mai  u   ■  ti  t    b)  co     o\  nin^ 
sheet  oi  strip  steel  The  resulting  steel  j<        ire  lighter, 
more  dim*  nsii .!  ilystal  i    n       i  pan  I  >ng    distances 

thantheti     od counterpart  bu    on '    eh    i   n 

i  .  .'i"  i  o    i  kin  toproi  (  ■  ;  id n   nut  <  Sure.  Ilie 
cold-form  0  jteeljoi  >t<  >e;  b  -  i  >il  rari  and  a  •  nblec 
with  irnpl  lot    Into    floo     rui  un   hath  lig ,  vei<  In 
noncombu  I  I  i    ind  lanippn  -j    ,  in  wd  i  |ht frame 
•  i  »1  ui  Won    h       nine,  ontains     ,,      orutil 
thermal  in   ilatioi  v,     ,     i      vid<     ngeol  fii  ish 


Nominal  depths:  6",  3",  10",  12",  14" 

(150,205,255,505,555) 
Flange  widths:  1J/2",1-3/4H,  2",  2-1/2" 
(30,45,51,64) 

Gauges:  14  through  22 


f 


•  Nestablejoist  s  ;C'joi5t 

Tf  pes  of  Light-Gauge  Steel  joists 


joist  closure 


Prepunche  I  hoi    reduce  joi    *   ighl  -  nd  allow  the 
p    sage  ■>  piping,  wirin*    mi  bridg  n§  straps. \ 

\ 


Span  langes  for  Light-Gauge  Steel  Joists 


6"  (150) joists        If  i      !(3(   0  to  4265) 


dn{  0!  Ijoisl  *       I     r!  •(-.  60to5455) 


10"  (255)  joists      14!  to  221  (4265  to  6705) 


12"  (505)  joists      ]&  to  261  (5455  to  7925) 


Rule  of  th",  1  foi  •  stin  11  igjoi         0    pan/  0 
.    '    f      •  iui  ctureri  ;joi  .  iii  1  ision: 

I  inning  fetalis  mdall   ,  bl   -->  n      A\oad 


LSI    ...     ,      05  40  0       j-Formed  Meta 

CSI  iosferFofiiiof  05  42  00  Cold-Formed  Metal  Joist  framing 


24     imm-iikUM  JOIST  !:8.>llilli6 


m 


•  Web  stiffeners  are  required  where  concentrated 
loads  might  cripple  joist  webs,  such  as  at  joist 
ends  or  over  interior  supports, 

•  Reinforced  concrete  over  metal 
decking  or  mod  panel  subflooring 


Joists  may  be  supported  by  a  metal  stud  wal 
or  a  concrete  or  masonry  foundation  wall. 
I-V211  (3<3)  minimum  bearing  at  joist  ends; 
5"  (75)  minimum  bearing  at  interior  supports 


Light-gauge  steel  joists  are  laid  out  in  and  assembled  in 
a  manner  similar  to  wood  joist  framing, 

*  Joists  are  spaced  165  24",  or  4dn  (405, 610.1220) 
ox,,  depending  on  the  magnitude  of  applied  loads  and 
spanning  capability  of  the  floor  deck, 

•  Connections  are  made  with  self -drilling,  self  tapping 
screws  inserted  with  an  electric  or  pneumatic  tool,  or 
with  pneumatically  driven  pins;  welded  connections 
are  also  possible. 


J 


\ 


'*  Overhangs  and  floor  openings  are  framed  in  a 

manner  similar  to  wood  joist  framing;  see  4.25.     , 
*  See  5.39  for  metal  stud  wall  framing.   _  _^ 


Strap  bridging  prevents  the  rotation  or 
lateral  displacement  of  the  joists;  space 
5'  to  &  (1525  to  2440)  o.c,  depending  on 
joist  span. 

See  4.25  for  span  ranges  of  light-gauge 
steel  joists. 


o  i!.'  mom  ;  ,'.  o 
idhesi    and  crewed  to 

tOpfl    .!,■     >fjl  1  » 


Metal  stud  wall 
i  ontii  u  »usn  1 1 
he    nedt!    ugh  deck  to 
-  lo  *ure  ha  in  I 


9  Steel  studs 

•  Continuous  runner 

•  Double  channel 

•  Clip  angle 

•  Steel  joists 

>  Metal  stud  wall 


Periin   erclosti!    :ha  n 

•  ( I    tifi  n  , 

1J/211  (3ft)  minimum 
bearin    I  joi  >1  .  >ids 
Steel  joists 
Metal  stud  bearing  wall 


lerior  i  earin 


Exterior  Bearing 


Wood  panel  deck 

Steel  joist  continues  or 

laps  with  adjoining  joist  ove 
b  inn  rwaih  u|  port 
"I  '5)  minimum  I    <  ing 
at  interior  supports 
Web  stiffener 


Metal  stud  wall 
Continuous  runner 


,  i  mi,  ■    clo  urt .  h  in  i  I 
shim  md  jroul  is 
required. 
"'  b  til    n  i 


r 


.  i 


Doublejoists  under 
partition  loads 


Foundation  clip 
Steel  joists 


Inte  for  Bearinc 


Exterior  Bearing 


Metal  stud  wall 
'  >n  in  oi    runm  t 
Anchor  bolt 


Doubled  joists  or  web 

sti  f<  n<  ■  Qvi   sup  >  >i\ 

D  ubl    oi  r      djoi     . 
i    imi    i  i  !>  su  e  channel 


in  on  di  -  rii  re1   over 
metal  d    :ing 
rovidi  continu  -us     - 1 
bearing  angle  for  metal 
d<  i  king  at  ends. 


Clip  angle 
Steel  joists 


Floor  Projections  and  Openings 


Exterior  Bearing 


,21     W'j  >:•'?  10 


ml 


v  Joists  in  spac  1 12",  16",  or  24" 
( 505, 405,  or  610)  o.c,  depending 
on th  i   ignitu  led  rppliedi  ads  md 
spanning  ipabilil   ( i  th  •  ubflooring. 

x*  i   vitief  can  is  i  in  mi  -;  rl   |  iping 
i  ■tm.\  tnd  !c  rrn  I  in  ul  tion 

-  Ceiling  n  iyb    p|  ieddi   ■  lyti 
joists,  or  be  suspended  to  lower 
ceiling  ireaoi     >     I  me!  hanical 
runs  perpendicular  to  joists. 


End  joists  may  be  doubled  to 
i     1,     Id    >>  i  <!  -.  •   or!  foi 

p  o  Hi  »,  i  ,'  si  fl  ifflifM. 


Hood'pii  I  flooi    "  an     >  ntia  sub;  y  temol  wo  flight 
frame  eon  !  u<  ion  fhe  dimension  lumb<   used  for  joists  is 
easily worki  I  ind;  mk  quickl       <  n  bled ( n  /I.  i  ith simple 
tools,  Togeth    with  wood    ii  I  sheathing  oi    ibflooring.the 
wood  joists  form  a  level  working  p  itfori     wcon  truction,  If 
properly  engineered,  the  resulting  floor  structure  can  serve  as 
a  structural  diaphragn  totran  fer  lateral  loads  1   shear  walls; 
consult thebu  Idingcode  for  pei  ificn  quirements. 

*  [3ecau5i  wec4%fi  taw  •    coml  i  tible.it  must  rely  on 
fit  i:  h  fl  i(  rincj and  .  ilingm  a-  rial  foi  ii  -fire  re  -i  >.  met 
rating. 

•  la;  »u  >(  ptibilityof  mod  light  ft  n  lingl  )  decay  and 

if!  ii   I  in   si  itionrequ  n  >pc  sitive  iti  draii  ig< .  idequ  its 

parati     from  1     ground  ipf  'oprial   us?    fpt   ?sur 
treated  lumber,  and  ventilation  .  contra    ondensation  in 
enclosed  spaces. 

•  See  12.11-12.12  for  discu   .ionofwoo*  is  a  construction 
material. 

*  Lateral:  upp  h   rei  uin  d  i  >rjoi  A    rid  ■ 


am 


■i.    !...: 


^*  See 4-.51  -ff>r  i-  imingforfloor 
projei    on    i  d  »p<  ning  i 


Joist  span;  see  4,27  ' 

Shi  ithingoi :  ubflo<  ingtie  >m  '•:  I  ibto    the 
it-,' >1  .;  i  pi  vei    twi:  i  ng  mdl  ui l  tng   .  :d    2, 
Finish  flooring  is  laid  over  wood  panel  or  plank 
subflooring     mefinisl  fl  ■<  ingn  •  mils  may 
require  additional  underpayment. 


CSl  MosterFormat  06  10  00  lough  Carpentry 
CSl  MosterFormat  06  1 1  00  Wood  framing 


!  -i     >rrta^  >  mppor\    l  !<    md  tudframi 
WQodoi  s    /      ,,i    01  ib  iri  ig  valid  concrete 
or  masonry. 

1  /  "(58)  minimi   il     ing  on   o  >d<   metal 
3" |  !  •  ii  liimiml  earing  on  conci       i 111 <<., 


L_  j0j51     ,   jj5|  |    tii  to  "the: 

•  marjnitu  Ii    ,  ,<;  plied  loads 

•  job!  .      ndsj     in 

•  specie  ,,  \dqm  '•,  o\  lumbei  ,f   ;d 

•  deflet !  in  sllowa  >l< 

Intended  use 


Spoil  Ranges  for  food  Joists 


2x6       upto10!(5050) 


2x5      &  k  2'  2440  to  3660) 


2x10      10'  to  14'  (3050  to  4265) 


2x12      12' to  18' (3660  to  5405)  •    !.... 

>'i  i  ,m  thumJ  I  )i  f    i';i  itingjois '  de\  th    pan/16 
j  i:  tdi  fli  ;1  on  houldrii  tto  <  eed  -   ;  th  of;  m 

Thestiffm    i  of  the  joist  framing  undi   stressismore 
critk  dtha  ih    strength 

Iftheow.i  illconsl  'notion  ;  ptl  ••  acceptabli  deepei  joists 
pai  d  Put   ■  'i  i  iri  ,  r<  m      l<     i  l<  foi  il  ffnes    !  ■ . 
shallow  joi  >    spai  /I  nerc  IoS(  lytogethe 
•  i  isu  i   ranul  c\  irerforsi      and  pan;   >fl  n  n  i  d 
veneer  lumber  joists. 


'  -!;  ninii  mmti  joi  i  <  \q 
M  i  imumdiam  ter «  '/  joi  .  S,  pth 


Veth  of  jo  i  '  pi         mum  i  :  ,< 
withii  mi  Idli    hird  of  span 


■•'     '        ■  1 o 

Bridging  consists  of  mod  t   i 1     I  crossbracing  i    full-depth 

I  lot  kin  |bi    .  n  each  joist,    &{  :   [0)1 .  ,         f3ri  ojm    lay 

to  requi  edby  •  m<  buildim  ci  de  ii  thi  joi:  i  leptl  h  i  lormori 
times  n  ;  thiol  lov   'ei     i    isuallynol  n  c     aryifthe 

joi       i  '■  .  •  upportedf,     rall>  §ai   )  r<     ti    s-,2  0  si  to  > 

":,•!.  !_,  estraiiiedby         hingoi  »ui  Ii   ri ».; 


art 


To  allow  p.1  nbin,     i-    lectri    Ifi  ;s  to  pass 

iroug  i  fli  I  joi  r    u1  iiti  ybi  m  .'<  \a  rd  ig 
to  the  ojiij  I  Ii  lesillusti  ited  above. 


U    L 


wf")fjii  Mm'i  wmm:> 


j^--*  Wood  stud  wall  framing;  see  5,45-5.45. 
-j  -  "  Subflooring;  see  4,32, 
kl—  Wood  joists 


Sill  plate  anchors  or  holddowns  may  be  required 
to  secure  the  wall  and  floor  framing  to  the 
foundation  against  uplifting  wind  or  seismic 
forces. 


^£s S\    f  j 

I  \"SSx,  Nt 

%i  End  joists  bear"^ 
entirely  on  sill  pb 


In  areas  subject  to 
insect  infestation, 
install  a  continuous      / 
sheet-metal  shield.-^' 


Platform  Framing 


•  Toenail  sill  plates  at  corners,  10d 
j— *  bill  may  be  set  back  to  allow 
wall  sheathing  to  be  flush  with 
foundation, 


Wall  studs  rest  directly  on  a 

double  sill  plate  and  are  facenailed 

to  joists  and  toenailed  to  sill. 

Sub-floor 

Solid  blocking  serves  as  firestop 


Balloon  Framing 

'  See  5.41-5,42  for  discussion  of  balloon  and  platform  frami 


^im  joist  or  header 

I6d 

roenail)5dr#16,,(405)o.c, 


I-/2"  (5ft)  minimum  bearing 
Toenail,  three  fid 


Pressure-treated  2x6  or  2x5  sill  plate  typical 
Sill  plate  transfers  floor  and  wall  loads  to 
foundation;  lay  over  fibrous  sill  sealer  to  reduce 
air  infiltration;  level  with  shims  if  necessary, 
7?T  (15)  §  anchor  bolts  §  &  (1650)  o,c;  minimum 
of  two  bolts  per  sill  piece  w/one  within  12"  (305) 
of  each  end;  more  stringent  requirements  exist 
for  Seismic  Zones  5  and  4. 
Sill  may  be  doubled  for  greater  stiffness;  nail  w/ 
lOd  staggered  §  24"  (610)  o,c,;  lap  at  corners, 


Provide  ]lf  (13)  minimum  air  space  on  the 
tops,  sides,  and  ends  of  wood  beams  entering 
a  concrete  or  masonry  wall  unless  pressure- 
treated  wood  is  used. 
I3eam  support  for  joists  ^ 


Building  felt  prevents  direct  contact  between 

wood  and  concrete  or  masonry, 

Shims  to  level  beam 

3"  (75)  minimum  bearing  for  wood  beams 

supported  on  concrete  or  masonry 

Thicken  wall  to  form  a  pilaster  if  additional 

bearing  is  required. 

i'.'.Miia  -ud-oi 


till 


Wood  job    m  ■     ■  up  :     :dh     .   •  ,     1    ibi  ams.  In 
either  a     ,     eli  ■  <  << ,  fth    <    m  should  b    oordii    <  ! 
vith  !     >   irm  tei  fll  ondi'1  'ti  rid  I  wthel     i     up 
theflooi  joist:  .Woo<     mo: .   u;  ceptil  letoshrinkagi 
I    pi  i,  !i  ui  r1   (1   graii     >  th    r    •■■  i    heto  il  !. 
'oodconstru     >n  for  both  th      I    iiditionarh  th<  |<    i 
k  m      ne  ti?  i  h  n  id        uali2   I        old  ubsi  leni  ?of 
th*  fioi  rpl  in 


Solid  or  built-up  wood 
beam 

Jignjos.    >     opposite 
sides  of  beam, 

Equalizingjoi 
beam  depths  minimizes 
u    ,!  i  ,    i  i    •> 
structure. 
Use  only  with  well- 
,  ne(  !  irnl  i 


Steel  Beam  w/Ledger 


Wood  Beam  w/Joist  Hangers 


Wood  scabs  tie  joists 

-<;. ; rai  i  n'n 

horizontal  continuity 
of  floor  structure,  and 
support  subfloor. 
Nail  scab  to  each  joist 
V2"  (15)  space  for  joist 
shrinkage 

Naili  gpi  i1     ei  uredw/ 
threaded  rod  welded  to 
beamflangi  pi  te  should 
be  as  thick  as  perimeter  sil 
to  equalize  shrinkage, 
Steel  beam 


food  learn  w/Ledger 


In-line  joist;  w/wood:  ab 

o\  m  taf  tie  sti  ip 

I-V2"  (33)  minimum  bearing 

Wood  sill  secured  w/ 
threaded  rod  welded  to 
b  im  1   »  ;r     ill   liouldbe 
as  thick  as  perimeter  sill  to 
qu  i       irinka^ 

4"  (100)  minimum  lap; 
three  16d 
il  w/1  ' 


-x 


Me1  I  jo  •  '•  n  j.  r* 


"^  Wood  scab  nailed  to  each 

joist 
"•  1/2"(15)  j    e  for  joist 

shrinkage 


Metal  straps  tie  in-line 
joists  together  when  tops 
ofjoi  fli   hw/topof 

wood  beam, 
Toenail  w/IOd  to  beam 
Three  16d@  each  joist; 
avoid  notching  of  joists 

iv  1  b  irin , 

!x41  d§  ,  wv\  lest1/?." 
(d&)  minimum  bearing. 


4"  (100)  minimum  lap: 

three  18d 

Solid  bl 

joists  as  required 


Indiu,  joisi    w/wood      I 
or  metal  tie  strap 
1-72"  (55)  mini  num 
b ,  ii 


Steel  Beam  Under  Joists 


Wood  lean  w/Lapped  or  Spiced  Joists 


j  »    w^cm  ma  ntmtMH> 


Wood  stud  framing 
Soteplate 
Subfloor 
Joists 


Nonbeoring  Partition  1  to  Joists— No  Partition  Below 


W  ''•:  *tud framing 
Soleplate 
Subfloor 
joists 

Fin   to]     id  head* 
twee\  joists 

*  l!   I       !j   p  l1       I 

pa  til;i(  lb    ' 


Nonbearinq  Partition  Parallel  to  Joists— No  Partition  Below 


Qoublejoists  under 

partition 

2x4  blocking  #16"  (405) 


o,c. 


Partition  bearing  between 

joists 

2x  solid  blocking 


Pi  i  ;i  jots  i'  spaced 
to  illowfor  passaged 
mechanical  services 
2x6  olidbb  king#  \& 
(405)  o.c. 
'  x2l  dgen 


(  oi vail  tud  in 

balloon  framing 
Doi  bl<  joi;  ts 


Bearing  Partition  1  to  Joists 


Bearing  I   rfs  on  Paralli    to.  i  Is 


—  Doubl  joists  under 
partition 

-  2x4  blocking  #16"  (405) 
o,c. 

-~  Double  top  plate  of 
partition  below 


i  ii    (  'p  n  I  hi   'f 
between  joists 
Double  top  plate 
1  /o(  I    udfi  i  inn 


1-bli   U    i)16"  (40  ) 


o,m 


~^  1x6  to  provide  nailing 

mrf,  a  forfini;  he  iling 
-*  Double  top  plate 
-  Wood  stud  framing 


i  aril  j  " :.  iti   .  1  to  Joists— No  Partition  Above 


ffi  *!i     im  "  i  itioi    orallel  lo  Joists  —  f^      n  itii  n  Ibi  \ 


joist  direction 

Double  string  r 
Stringer 


Poubiejoist  - 
Joist  hangers 

anchors 


Floor  Projection  l  to  Joists 


oil*  bl<   king;  may  b    *e1 

out  from  sill  to  provide 
nailing  surface  for  soffit 

Tail  joists 

Pi  >ja  !'-  n  ;gi  a1  i    i  n 

24"  (610)  should  be 
engineered, 

it  di  rnai  d  to  joists  w/ 
20d 


Wall  or  beam  support  for 
joists 

Double  trimmer;  16d# 
16"  (405)  o,c. 

Double  header 
He    lei   longer  than 
10' (3050)  should  be 
d  ■  juried  isbea  n 
Beam  hanger 


Headei  i  iled  <  joist:  w/ 

20d 

Poubiejoist 
rejection    ireaterthan 
' :'  (610)  >ho  Id  be 

engineered, 

Rimjoistorh     ler 


Floor  Projection  Parallel  to  Joists 


Double  trimmer  s  nd 

k   ...  1     ,i-    ip    i  ..ji.  m.  1 

than  4' (1220) 

,/'«  1 1,.:  ie, "  .'  i  framin ) 

anchors  \ 


failjois      «'  uredto 
!i.  dei   7   isth   \q 
frai  iin<    n«  hi  . 


.,.  j  or wall  ■  ;-,•'.,    si 
h  idi     n,  f^  rimer  -— 


Floor  Openii 


to  Joists 


Floor  Openings— Length  Parallel  to  Joists 


WOOD  S9PS!    2,':,4-,lis!:; 


fiiclcness     mmjii 


inches*        Rating    inches  (mm) 


Panel  Subfloor 

For  rated 

5/e 

32/16      16(405) 

sheathing  & 

1/2, 5/e 

36/16      16(405) 

Structural  1 

5/a5/4,7/0 

42/20      20(510) 

&  II  grades 

3/4,7/8 

4S/24      24(610) 

Underlay  ment 

Underlayment 

1/4 

Over  panel  subfloor 

:.;■■       ■'    -i'luy,  -I 

5/6 

Ovei  boai  I:  ubfli  c  i 

ext.  grade 

Combined  Subflooi  Underlayment 

For  APA  rated 

5/0 

16           16(405) 

Sturd-ffloor 

5/6,5/4 

20          20(510) 

gra  if  - 

5/4,7/»,1 

24          24(610) 

2-4-1 

1-V0 

40          46(1220) 

'Metric  equivalents: 
Vz"     (15) 
b/»"     (16) 
5/4i!     (19) 
V     (22) 


72"   fl 


vf 


Subflooringistrk  structural  material  tl   I  m  !i  acres  floorjoists, 
ii  ;>«<  ■  >a  rorkingp    form  luring  con  -trui  Dion  i  id  provide   a 
basei  n  th<  fini  m  i<  rin ,  iliejoisl    nd    ibfl    r  i  ,  nbly    in  tl  >• 
:    u  ed  isa   true  tui  ildiapl  i  igm  to tt  insfei  lateralfot        <    h    i 
walls  if  col   trusted,     >rding1    ipproved  51  ind;    Is  Consult  the 
building  code  for  requirements, 

•  Subflooringtypi  \\\\,  onsi  ts  of  pi  w<  >d  iltl  mghother 
nonveneer  panel  materials  such  as  orienrl  d  !  and  board  (05 &), 
waferboard,  and  particle!  sardcanb  u  '    if  manufactured 

i.  a    lin  jtoapprw    :    indards,  Con    It  the  American  Plyw  >d 
Association  (APA), 
~*   Fhe  Span  Rating  >partofthegrad(   tamp   'und  on  the  back  of 
each  panel  Ilk  fir     lumber  indicates  th         n  mas  '  ,,  spacing 
for  roof  sheathing  mdtl     k    md  number  ii  Ik  ite:  1  h  maximum 
joist  sp  H  !,il( '  h  '  ubflooring. 

•  Span  hi  pyba  14"  ((  l(  )\\  1  ,"s"  >)wi  od  strip fh  ingi  !  id 
perpendiculartojoists, 

•  Undi  ,  iymi  n1  providi    impa  tie,  h  '-1  >  ii      in,        i<  '1  i 
surface  foi  tl  <  dii  :  I  ipp  catioi    I  ion  I  u  tural  flooring 

i  i  iterial    m  iybi  aj  pi  dasa  eparati  I  iy<  t  >vei  bo  rdoi  p  n 

i  bfl  <    ng  '■    ,     imbinedin     .ingle  thickne;     " \t  >ul  i!  ■  >i 

panel;  when  floor  is  subj    I  U  unusual  m  isturei  editions,  use 
panel  >withi  terioi  glui   Exposure  1jo         ior  plywood 

Panel  Subfloor  and  Underlayment 
-  Indical      pan         nepai       ,    , .      ntii         ,    ■ !  *  >oo 
pai        '    'i  •>  l        i ,:,     i<    !    p,    lii   I    totfs  joi  t: 
•«  Staler  end  joints. 

*  Spac^  joint:   '    I  )unl<  ;  othen  ■ .  recommen  led  by  panel 
manul  ictun    spa    butl  oi  i1   inun  lerla  m<  nl  /  "(1), 

■»  Nail  $6'  (150) o.i .  ilong  .dec 'and  \.  ';  05)  i  .c  ilong 
inti  i  iediat<   -a  port    n  iil$6"(15i  ')o,i    id  n  |  both  -,'«,.  ,  md 
intermedii  t<  suppoi     of  24-1  panels, 

*  Use  6  I  ring  •':  i  il  oi  ftd  omm<  nn  iil:  Pi  ■  hid  nessesl  irough 
°/4"  (19)  and  #d  ring  i  in  o  i  m  mom  iil  h  pan  s  /  "(22) 
and  thicker, 

*  Provide  blockii  j  under*  lg<    o ongui    nd  irove  panel  edges; 

no1  requi  edil  undi  t  iym<  nt  joints  are  off:  ■  1  i  vm  >ubflooi  joit  I  > 


Olui  ig  -  mbined  ul  loi  i  ui  f  rl  /nt  it  panels  to  th  fl  ><   |i  i  >7 
■  a  bl<     hi  panel:   <  a?    I  >g<  ther  with  h<  joisl    to  ft  m  nl    |i  i 
et  beam  unit:   fhi    ipplication    i  item  l<  «  i  n<  f!o<  i   -  ep  md 
.-,!>'  kin. ,  imp  ovt    fl<  >i    tiffne  >  m.   i  i  >  mi  <e     >  in(  f  i  n 
the  allowable  spans  forth  joists.  Th    .;  nefits,  of  course,  are 
contingent  on  1 1    malityi  thi  ipplk    ion.  In  addition  I   gluing,  the 
panels  an    <  u  red  with  power-d  ia  ifa  tenen   >r  with  id  ring- or 
n  v   d  nknail    '  on  ul1  th*  AP,    or  del  iil  In    >mi    rid  itii  n 
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Pi     ''"i  iti  Lpn  e\  m<  rei    'o<  !  joists  and  ru 
aremcrea:  i  §I\  usedi  bhepiai    »f  din  ?nsion  lumbe 

frame  flooi  sbecaus.  arec-<  -  i  illyiighl  randi 
dimensionally  '  bie  than  sawn  li  ber,aremanufac 
g     t    'I.  >ths;  tdl<  ng1  i  -  '",-  ca    p  nion£j( ,  di 


lore 
tured  ir 

t  Hi   !! 


bjoistsan    anul  icturedwith  awn  or 
I  n  n  be       teei  li  n  •    '.  ,..      ,!  n  \  ['.. 
topandbot  ;orri(  4  m  I  isirii  I  ;plyi '  od  ,! 
GSBweb. 

10"to16!  (255  to  ;.'  6)  nom'n  I  depths 
I!  l-joii 

*  10"  (255)  dej  ti  can     in  up  1    i  >  i  !-■  !> 

*  12"  (505)  depth  can  span  up  to  W  (5790) 

•  14"  (555)  depth  can  span  up  to  22'  (8705) 

•  10"  (405)  depth  can  span  up  to  25'  (7620) 
12"  to  24"  (50  ,:   810)  dej  th  fo  commercial 
construction  available 

20' to  60!  (6  to  16  m)  spans 


L 


2x1 1  hasv     nd      ■    >  n  :  i|  toothed 
plate  connectors 
12"  to  24"  (505  to  610)  depths 
40' to  60' (12  to  15  m)  spans 


/f 


/ 


// 


itm  „„„JL_ 


Woodchr  (    ind  vertical     Idlaq  >  I 
;  teel  web  membi  rs 

12"  to  24"  (305  to  610)  depths 
40' to  60' (12  to  24  m)  spans 


na 


ess- :— 

:,t 


il 


Wood  chords  w/ 1"  to  1J/2"  (25  to  3ft)  0 

tubing  m  b  - 

Up  to  40"  (1065)  depths 

401  to  60' (12  to  24  m)  spans 

Two2x6cho  I  w/2"    »1)o  teelwebs 
Up  to  60"  (1525)  depths 
60' to  100' (16  to  30  m)  spans 


ixuleofthum  I  >i  -  tim  ting  !.  pthofti    *se  I  jo  •  s   pan/1  < 
Openings  i-.'  ■  b    < ;  ■•  '     passage  of  eled     ilandmecl  nical  lines. 
Consult  manufactu     for  available  length     nd  depth       ommended 
p    iii,  in     Hi . ,  ''•"  spans,  and  required  I    ring  ^     ii  1.  \  . 
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Cjoist  or  2x  blocking 
i  ;;  -  ,1   must  bi   stiffened 
under  bearing  walls;  consult 
m  mfa  tur  ■  and  th(  bulk  ing 

code  for  requirements,  -~~~^. 


:  !    ti    I 

I  ii  .j _____ 


While  the  precise  form  of  a  prefabricated  floor  joist  or  truss 
varies  with  the  manufacturer,  the  way  they  are  laid  out  to 
frame  a  floor  is  similar  in  principle  to  conventional  wood  joist 
framing.  They  are  most  appropriate  for  long  spans  and  simple 
Flo  >rpl  i    (  t  ipk   flooi  layou     n  'U  t  ifficult     Fran  • 


Wood  panel  subfloorin^ 


Continuous  sill  plate  or  top 
plate  of  stud  bearing  wall 
>  / ' '  K)   i  lirn  jm     iring 


.joj    @  Exfei   i 


joist  @  Inferior 


Stud  bearing  wall 


12",  16!l,  or  24"  (305, 405,610)0,0, 
24"  (405)  pa<  ngii  m  »s1  typical, 


hru    ed  joists  may 
bear  on  top  or  bottom 


Doubk  truj  ■/  >provi ;.   support  for 
parallel!  i  irin  (partitions, 


Continuou  h  tlet  Foi  atera 

support  of  bottom  chords 

Wood  stud  or  m  isonry  bearing  wall 


■    -—— 


Wood  beam  or  stud  bearing  wail 
Headers  or  loadbearing  walls 
support  joisl  >  it  jpenings. 


*  Bracing  is  necessary  to  provide 
in  s  il  upporl  .    pendi{  ilart<  tl 
plane  of  the  trusses, 


H  p   hord  I  ea    » 


ii  j  «jv     |   v  5  Jul  f  h 


f  Continuous  banding 

__C__                                                                             — 

1==^^              „„„_„„.„,,.,_,.„„„ .    , 

tri1     x 

II                    X                    /'                           \ 

Ui__  Jv/     ^  _ 

j                                    -  ■ 

I 

_* — -  Wood  stud  or 

masonry  bearing  wall 

Wood  beam  or 
stud  bearing  wall 


*  Continuous  banding  §         \ 
top  and  bottom    "~~~-\     \ 
,..~~~—— j  Su|  p    i  ii  pan  i  point    \]        j 

1                                                                                                •     •"      -     : 

\    \              i                       /                 1    1 

szzzzrzz^  jz^zir~  t  ■  ~  t:_    .  ^ 

Overhang  should  be 
engineered  by  joist  or 
truss  manufacturer, 

«g^!<i 

Bottom  Chord  Bearing 


Bottom  Chord  Bearing  @  interior 


Ii  Hoi  i  Chord  1  oti  ii  @  Overh  *  j 


Solid  Sown  Lumber 

In  the  selection  ofa  wood  beam  the  following  should  be  considered; 
lumber  species,  structural  grade,  modulus  of  elasticity,  allowable 
bending  and  shear  stress  values,  and  the  minimum  deflection  permitted 
for  the  intended  use.  In  addition,  attention  should  be  paid  to  the  precise 
loading  conditions  and  the  types  of  connections  used.  See  Bibliography 
for  sources  of  more  detailed  span  and  load  tables. 


(ox  Beam 

Made  by  gluing  two  or  more  plywood  or 
0513  webs  to  sawn  or  LVL  flanges. 
Engineered  to  span  up  to  90'  (27  m) 


/ 


Rule  of  thumb  for  estimating  the  depth 
ofa  wood  beam:  span/15 
Beam  width  =  Vs  to '/?  of  beam  depth 
Limit  deflection  to  1 /500th  of  span 


luilt-Up  Seam 

Equal  in  strength  to  the  sum  of  the 
strengths  of  the  individual  pieces  if  none 
of  the  laminations  are  spliced 
Two  members  nailed  wl  \Od  §  16"  (405) 
o.c,  staggered  and  two  )0d  §  each  end 
Three  or  more  members  nailed  wl  20d  @ 
52"  (515)  o.c,  staggered  and  two  20d  § 
each  end 


Flitch  Beam 

•  Timbers  set  on  edge  and  bolted  side 
by  side  to  steel  plates  or  sections 

•  Engineered  design 


Spocecf  Beam 

•  Blocked  and  securely  nailed  at  frequent 

intervals  to  enable  individual  member 

to  act  as  an  integral  unit 


Glue-Laminated  Timber 

Glue-laminated  timber  (CSI  MasterFormat  06  WOO)  is  made  by 
laminating  stress-grade  lumber  with  adhesive  under  controlled 
conditions,  usually  with  the  grain  of  all  plies  being  parallel.  The 
advantages  ofglueddaminated  timber  over  dimension  lumber  are 
generally  higher  allowable  unit  stresses,  improved  appearance^  and 
availability  of  various  sectional  shapes.  Glue-laminated  timbers  may  be 
end-joined  with  scarf  or  finger  joints  to  any  desired  length,  or  edge-giued 
for  greater  width  or  depth. 

Parallel  Strand  Lumber 

Parallel  strand  lumber  (PSL)  is  a  structural  lumber  product  made  by 
bonding  long,  narrow  wood  strands  together  under  heat  and  pressure 
using  a  waterproof  adhesive.  Parallel  strand  lumber  is  a  proprietary 
product  marketed  under  the  trademark  Parallam,  used  as  beams  and 
columns  in  post-and-beam  construction  and  for  beams,  headers,  and 
lintels  in  light  frame  construction. 

Laminated  Veneer  Lumber 

Laminated  veneer  lumber  (LVL)  is  a  structural  lumber  product  made  by 
bonding  layers  of  wood  veneers  together  under  heat  and  pressure  using 
a  waterproof  adhesive.  Having  the  grain  of  all  veneers  run  in  the  same 
longitudinal  direction  results  in  a  product  that  is  strong  when  edge- 
loaded  as  a  beam  or  face-loaded  as  a  plank,  Laminated  veneer  lumber  is 
marketed  under  various  brand  names,  such  as  Microlam,  md  used  as 
headers  and  beams  eras  flanges  for  prefabricated  wood  l-joists. 


•  Engineered  to  span  up  to  W  (24  m) 
^  Rule  of  thumb  for  estimating  the  depth 

ofa  glue-laminated  beams:  span/20 
/  E3eam  width  =  '/4  to  lh  of  beam  depth 
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Masonry  or  Concrete  Wall  Suppor* 


Provides  resistance  to 
uplift  and  horizontal 
forces 

V2"  (13)  minimum 
clearance  on  top,  end, 
and  sides;  more  space 
may  be  required  for 
construction  access. 
Steel  clip  angles 
fearing  plate  at  least 
V4"  (75)  thick  set  on 
bed  of  dryset  grout 
Anchor  bolts 
Optional  prefabricated 
beam  seat 


^V 


Foundation  Wall  Suppor! 


A  variety  of  metai  attachments  are  manufactured  for 
wood-to-wood,  wod-to-meUl,  and  wood-to-masonry 
connections.  These  include  joist  and  beam  hangers,  post 
bases  and  caps,  framing  angles  and  anchors,  and  floorties 
and  holddowns.  Consult  manufacturer  for  specific  shapes 
and  sizes,  allowable  loads,  and  fastening  requirements, 
Depending  on  the  magnitude  of  the  loads  being  resisted  or 
transferred,  the  connectors  may  be  nailed  or  bolted, 


For  light  frame 

construction 

Header  same  depth  as 

beam 

Sill  plate 

3"  (75)  minimum  bearing 

Foundation  wall 


ForwelFseasoned 
or  laminated  beams 
and  light  to  moderate 
loads 

Metal  tension  tie 
across  girder 
Deam  hanger  w/ 
concealed  or  exposed 
flanges 


•1 


Clip  angles  for 
superimposed  beams; 
provide  for  lateral 
stability  of  supported 
beam  if  necessary, 


•  For  moderate  to  heavy 

loads 
%  Exposed  beam  hanger 
/  Beams  raised  above  girder 

for  decking  to  clear  saddle 


Girder  Support 


Girder  Support 


i        •  rositivepend 


Negative  bend 


Spliced  at  point  of 
zero  moment 


sositive  bendina 


Continuous  spans  produce  more  uniform  stresses  than 
simple  spans,  resulting  in  more  efficient  use  of  material, 
Any  splices  should  occur  at  points  of  minimum  bending 
stress,  approximately  1/4  to  Vs  of  the  span  on  either  side 
of  an  interior  support, 


Supported  beam 
Overhanging  beam 


Wedges 


Steel  Splice  Connector 


Mortise  Splice 


ize  and  number  of  boll       ,  ■■•      ita    >nn  1 1    n 
iepem       hetbickn      of  the  mem  le  spec 

I   o     v    naomi    d<     i  dii    '  ■:"   tl    l<    ! 
edatiVetoth    rain  of  th     o<  ,      ;  h  u    ofi    tal 
connecto :  Shear plal   i    .plh  >■•   :,,  met  tors, 
which  can  d  welop  greater  s1     s     >eru  lit  bearing, 
can  be  u  »,  wl  n  th      ■  i   >ufi   !  n1 ;  reato 

iccon  nodateth ■  d  iu  n     o  I  ii  u  |l   'oil 

See  5.49  oi     >     ring  an     hear  p!a1      >nn  ctors 
and  boll  sj   cin  guid  fir 


•  Steel  U  plats  <  i 

, s  J/"     saddle 

f/  _^--  Side  plate  for 

connection  to 

\               wood  post 

•  Through  bolts 

^-—  Welded 

connection  to 

steel  post  or 
column 

Exposed  Columr 

'  i  0)\  inimum 

bearing  in 
direction  of  beam 
,pa  .  ,,    two 
beams  abut  over 
support 


Exposed  T-Strap 


-  -             >te<  |(  ijpangli  • 

;  I       -  "  1 

ea>e 

,-— -*  Through -bolts 
In  ^     or  split-ring 
"•<"          connector 
-  Blocking  as 
j            required 

"*%j 

•i.a  il  strap  tie 
>"      ^  ,•  Steel  brackets 

w/wel  stiff  nei 
\^"          and  through 
"i                 bolts 

j  """— •  Spaced  beam 

j  Bearing  blocks 

provide  direct 

support  and 

increases  area  for 

bolts. 

Continuous  Post 

C 

an! 

inuous 

Post 

Mi  I  ilsti  ,  i 
Shear  plates  and 
pins 

Searing  blocks 
provide  direct 
ill   -I     .,- 
>i<  reasi     ireafo 
bolt: 


Continuous  leorn 


Spaced  Post 


Continuous  beam 
Through  bolts 

i      <                 r 

Steel  plate  in 
fx^          sawn  kerf 

or  split-ring 

f      I 

>      l                i- 

•  Sti  Ipip  ..>>'<, 

connector 

I    i     ^" 

bearing  pi      I 

Slocking  at  top, 

"ms-" 

necessaiay 

middle,  and 

•  ' 

■       For  cons    iltn 

bi    omo1  -p;    d 

[ 

countersink  bolt 

post:  see  also 

j 

heads  and  n\iP. 

5.47. 

Conceflle-d  Conne 

ction 

and  plug. 

Fh  oui  h  <  I 
i   pih  rii  i 

connector 
Mi :  :.  mi 

member 
continuous 
Outer  beam 
members 
continuous 


Interlocking  Connection 
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m*W  S4AMK  «MiLM  FRAMING 


Wood  beams  may  b<  -upportedby; 
-    Timber,  steel,  or  concrete  columns 

•  Timber  or  l>1  .  r  i  jir<  li  t  s   — ~"~ " 

•  Concrete  o\  mas<  nrybi  iring  wails 
Bearing  as  i;  b  »ul  ib    u  icient  I  censure 
the  alio1/'  i  compn  i  vt  >l  e:  esofthe 
bea  n  and  bearing  nateriai  are  no1  exceeded 


Structural  floor  plane  of  wood  decking 
Other  options;  24-1  plywood  or  prefabricated 
stressed-skin  panels 


Underside  of  decking  ma^  be  left  exposed 
as  a  finish?  I  ceiling 


Woodplank  ind-beam  loot   ystems  are  typically 
used  with  r  ippoi   nggrid  !*  >:  s  or  columns  to 

form  ask  ie  on  frami    i   k  i  .  e4 ;  ing  larger  but 
fewer  str:  ( tut  ilm  mb<  rs  that  can*  pangi   it<  r 
distances  translal  .  lintoj  itenl  il  savings  in 
mater  J,  ndl  b  'i  (>>  >\  • 


Primary  beam 

!  e  on   iry  •  tm  ?m  ysj  m  m      ft  im 

into]  rimaryb  inn  tore  luc<  sj   n of 

decking, 

13    n  spa*  ing  -    pani   plan!    <  r  lei '  in ; 

4'  to  &  (1220  to  2440}  o.c,  typical 


4.. 


■••  Overhang:  possil  li  limh   o  /.<  I  backspan 
-  Opening:  and  cm,'  ntrated  loads  require 

additional  framing 
j  Diagonal  bracing  or  shear  walls  required  to 
rovidelatera    I  ibilifc 


*  Fiank-and-beam  framing  is  most  efl  ctivewhen 
supporting  moderal    ev  nly  i  a  ah  ted  load  . 

t  (  ntrafe  I  loads  may  n  qi  ire  i  ditionai 
framing. 
.  When thi    <wi!.  ural  .    temislefti  pot  <-'■ 
a  ii  (  to  i  h '.  is   •  in  ful  ;  U  ntionmusl  b< 
paid  to  thi   -pecies  mdgi  ideol  woodu  >-  a!  the 
d  I  Tie,-  '  1 j<  in1       p    i  II    i1  bi   m-to-beam 
and  beam-to-post  connections,  and  the  quality 
of  workmanship. 

•  Flan!   md  b(  mfi  imi   |  n    .;  ilify  i 
heavy  timbei  construction  li  the  structure  is 
supported  by  nom omb  r  til     fin  resistive 
exterior  walls  and  the  members  and  decking 

in  i  4    }i.  limun  size  i    (m  emen   -  specified  ii 
the  building  code, 
'  Disadvanl  ig<  >o]  'Is-  plan!    ind  beam  floor 
(  ,\  niiK  lu !  ii  •  •!"•  i  ptil ''  Dy  o\  ipai  I 
sound  tran  m  i  /  ion  n  -4    inherenl  lack  of 
ci  m  ealed:  ma    foi  thi  rm  tlii  ml  itioi  .piping, 
wiring,  and  ductwork. 
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bheplani     id-beam frartn'ri^     stem.tl     . ,       '  !■    . 

beams  should  be*      fully  integ  ith  the  requin 

I  ;•  emend  ••  h  te  ioi  partitioi  >f<  r  oth  -true  ui  ,' 
visual  ■&   on      irmall     lost  partitions  in  this  ystem 
are  non!oadbearin§  and  raybeplai    '  5  shown.  If  bearing 

irtitio      rereq  lin  '  howi a     he '      uldcontim 
down  to,  fou   la1    nw   lori    pi    ~ '  .<    tl\  wei  beam; 
..  ji  enouq     s carry thi  im  osedload. 


Wood   tripflo       lal  h       li 

to  planking 

Un<    layi     t\     nredforresiiieml 

,  tl  in      !  1,  fli  ofmcj 
M  h  '•  bud 
Soleplate 

I     load     lonh     ngp  rtitions 
,  rpen  i<  il  1  «•    h  ht f*   iecking i< 

listril  u  id     mly  i<  n     th  plank  ■ 


-  bitionsp  .  Id  Iwi  litis  flooi 

-  eking  lay  e  supported  Jithor  below 
or  above  the  planking. 

> an  m  is  I    ran    lima.  10  U  0 
hi    b  ^  •  is    up  ori 
Limiti  1 1  iG\  i  ngs  possible 


Wood  Decking 


2-4-1  Plywood 


Combined    ibfl<  1   u  t  erlayment 
1%' (29)  thick 

on ,      nd  •  Qovi    '" 
f   ns  in  up    >4'{1220) 
Laid  continuou  >\  a         0  .pan ;  with 
face  pile;     rpen  lii  ul  11  a  b    n    tit 

idjoi     -   .0.,;.  I  ' ! 
No  overhang  pi  •  ible 


Stressed-Skin  Ponels 


CSI  MasterFormat  06  12  00  Structural  Panels 


tr<  ■    '!  skinp  inels<  hi  '  I  ol 

plywood  facin ,  bonded  with 

ad hesiVr/    iderh  i1  md  pressure 

lumbei     rmojers  ai     n    - 
bracing         ,,.,,,,, 
lumbers  trin§ei    iota  a  series  of 
l-b<  1      ■•■l',  I    •  lywi  ddi  trib  ting 
conci  nti      I  load    1  id  resisting 
nearly  a1!  -     .  -  •  !;u  str  sses. 
Pai        '  •  ,  ,>     hernial  insulati 
■   "     tardei     id  a    li      ,  ini  > 

..-,    conij    lent 
Li  nit  •     erhangs  possil 


II      WOOD  DECKING 


*  Solid 

•  2x6, 2x#  nominal 

Types  of  food  Decking 


Solid 

3x8, 4x8  nominal 


Laminated 
3x6.3x6,3x10:4x6, 

4x5;  6x6, 6x5  nominal 


Rule  of  thumb  for  estimating  depth  of  decking: 

span/30 

Limit  deflection  to  V240  th  of  decking  span. 

•  in  nil  n,  nui  \  tut  "i  foi  u  il  bt  iizt    md 

allowable  spans. 


•  V-qwove  *  Channel  groove 

Surface  Patterns  for  Exposed  Ceilings 


Plain  or  molded  spline 


"  'Ml'  i 


Simple  Spon 

•  Planks  impl  supported 
a1  eai  h  end  havs  Ik  mos 

deflection  fora  given  load. 

Types  of  Spans 


•  2x  decking  can  span  up  to  &  (1530) 

'  3x  decking  can  span  &  to  10'  (1830  to  3050) 

•  4x  decking  can  span  10'  to  14'  (3050  to  4265) 

•  6x  decking  can  span  121  to  20'  (3855  to  6095) 
Spoo  Ranges 


Double  Spon 

•  Most  efficient  structural  use  of 
rnati  n  iloi  igivi  it  ngth 


Continuous  Span 

•  Planks !  pan  ontii  u<  u  ■';  >  (   I  ur  or  more 
supports. 

•  Used    indomt  ngtl  --dn.  ;swa  U 

•  Layout  mu  *t  k   an  I  illy  co  itrolled 

•  2'(810)minit  lumbi  twe<  sen  I  joints  in 
adjacent  courses 

•  Joints  in  the  same  general  lin<  mu  it  rest  on  at 
lea:  ton  support 

•  Separate  joints  in  nonadjacent  rows  by  12" 
(505)  or  two  rows  of  planks. 

•  Onlyom  joint:  hi  i  l«i«1-  ui  it  <  ich course 
between  support: 

e  Each  plank  must  rest  on  at  least    m    upport. 

•  in  end  spans,  one-third  of  the  plants  should  be 
free  of  joints. 
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5.02     fall  Systems 

5.04     Concrete  Columns 

5.06  Concrete  Walls 

5.07  Concrete  Formwork 

5.09  Concrete  Surfacing 

5.10  Precast  Concrete  Walls 

Precast  Concrete  Will  Panels  &  Columns 

5.1 2  Precast  Concrete  Connections 
Tilt-Up  Construction 
Masonry  Wails 
Unreinforced  Masonry  foils 
leinforced  Masonry  Wails 
Masonry  Columns  I  Pilasters 

5  JO     Masonry  Arches 

5.21  iisonry  Lintels 

5.22  Expansion  I  Control  Joints 

5.13  Masonry  Wall  Sections 
5.26     Masonry  Bonding 
5.21     Structural  Clay  Tile 
5.29     Glass  Hock 

5.31  Adobe  Construction 

5.32  Rammed-Earth  Construction 

5.33  Stone  iiSinry 

5.35     Structural  Steel  Framing 
5.37     Steel  Columns 

5.39  Light-Gauge  Steel  Studs 

5.40  Light-Gauge  Stud  Framing 

=:foQfi  Framing 

5.42  Platform  Framing 

5.43  f  sod  Stud  Framing 

5.41  Stud  Wail  Sheathing 

5.47  Weod  Columns 

5.48  fool  Post-and-Beam  Framing 

5.49  Wood  Post-Beam  Connections 
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Wall  -,  n  thi  /ei  icalci  i  -true  ion .  of  a  buildt  3  thai 

enclose,  separate,  and  protect  its  interior  spaces. 
They  may  be  load  bearing  structures  of  homogeneous  or 
1  on  posits  con  trui  tion  designed  U    upporl  in  p<>-  ;dl  >ads 
I  -  >m  floors  md  roofs,  or  consist  of  a  framework  of  columns 
mdl  a n  with r  ,r<  if  id  iralpa 11     if;  chi  I  ooi  slling 
in  between  them  The  pattern  of  these  loadbearing  wails 
and  columns  should  be  coordinated  with  the  layout  of  the 
interior  spaces  of  a  building. 

!n addition  to  supporting  vei   cal  loads,*  deriorwall 
construction!  must  bi  abb  towithsl  md  horizontal  wind 
loading  l>  rigi  lenou  )h    b  y<  11  ?erv       meai  w  II 
transfer  lateral  wind  md  seismic  i  irce;    0  the  ground 
foundation, 

Because  exterior  wall  •  •   •    isa  protect  ive  shield 
ag  .li,  -    he  weather  for  ths  inti     r  >p;  es  of  a  building, 
their  constru<  I  >t  «  lould  ontrol  Is  pa  ■  igeot  heal, 
nfilti  iting  air,  sound,  moisture,  and  wa1  t r  vapor.  The 
,  I  rh ,     H  whi  rMi  iv*1'  eith     ipplied  I  wi   itegi  s! 
with  in    /all  iii'-  ;i    ,sh  >ul  I!"  lurable  i  idn  1  >'  nl 
to  the  weal  1  ringeffed  <oi  mn   m  I  md  rain,  Building 
codes  specif  thi  fii     'esi  ^  \m  •  tim    fa      rior  walls, 
lo  .  -I    •  in )  /•  ill;    mdinteri  >r\    fitions 

Tbemteri  1     I         irtition      hichsubdi  idethe 
,pac«    ithin  ibuil< '  ig  >•  lyb    ith< r    rui  I  ■   I" 
noriloadbe,  ing.  Their  <    tstruction  should  b<  able  to 
support  I  h  desired  finisl  mati  ials,  provide  the  required 
db(\\'n,o\  1  ou  >ti(     iepai  itio  1    nd  iceoi  modatf  when 
necessary  the  di  tribution  md  outlet     f  mechanical  and 
;lectri  ilsi  rvi  t 


Openings  for  dooi    mdwindow  must  be  con  tructedso 
that  any  vertii  ilload   '^  >mahov    1  1  di;  ti  buted  around 
the  opening;  indnottransfei    dt<  ;l    a,),,  .aid  window 
units  themselw     fheii  m  indloi  ition  ire  letermined 
by  the  requirement    fornati  'al  light,  vent  ;  it  ion,  view, 
andp  ly  >icah      ss.a:  m  '  i<  the  cot  <i»  intsofthe 
is  .--,.  ilsysl  m  mdmodu  11  v  ill  m  iteri  il< 


Structural  frames 

•  Concrete  frames  are  typically  rigid  frames  and  qualify 
as  noncombustible,  fire- resistive  construction. 

•  Noncombustible  steel  frames  may  utilize  moment 
connections  and  require  fi reproofing  to  qualify  as 
fire-resistive  construction, 

•  Timber  frames  require  diagonal  bracing  or  shear  planes 
for  lateral  stability  and  may  qualify  as  heavy  timber 
construction  if  used  with  noncombustible,  fire-resistive 
exterior  walls  and  if  the  members  meet  the  minimum  size 
requirements  specified  in  the  building  code, 

9  Steel  and  concrete  frames  are  able  to  span  greater 
distances  and  carry  heavier  loads  than  timber  structures, 

•  Structural  frames  can  support  and  accept  a  variety 
of  nonbearing  or  curtain  wall  systems. 

•  The  detailing  of  connections  is  critical  for  structural 
and  visual  reasons  when  the  frame  is  left  exposed. 


Concrete  and  iisonry  Bearing  Walls 

3  Concrete  and  masonry  walls  qualify  as  noncombustible 
construction  and  rely  on  their  mass  for  their  load-carrying 
capability. 

•  While  strong  in  compression,  concrete  and  masonry  require 
reinforcing  to  handle  tensile  stresses, 

•  Height-to-width  ratio,  provisions  for  lateral  stability,  and 
proper  placement  of  expansion  joints  are  critical  factors 
in  wall  design  and  construction, 

•  Wall  surfaces  may  be  left  exposed. 


Metal  and  food  Stud  tolls 

•  Studs  of  cold-formed  metal  or  wood  are  normally  spaced 
§  16"  or  24"  (406  or  610)  o.c;  this  spacing  is  related  to 
the  width  and  length  of  common  sheathing  materials, 

•  Studs  carry  vertical  loads  while  sheathing  or  diagonal 
bracing  stiffens  the  plane  of  the  wall, 

•  Cavities  in  the  wall  frame  can  accommodate  thermal 
insulation,  vapor  retarders,  and  mechanical  distribution 
and  outlets  of  mechanical  and  electrical  services, 

•  Stud  framing  can  accept  a  variety  of  interior  and  exterior 
wall  finishes;  some  finishes  require  a  nail-base  sheathing, 

•  The  finish  materials  determine  the  fi  ^resistance  rating 
of  the  wall  assembly, 

•  Stud  wall  frames  may  be  assembled  on  site  or  panelized 
off  site. 

•  Stud  walls  are  flexible  in  form  due  to  the  workability 
of  relatively  small  pieces  md  the  various  means  of 
fastening  available. 
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Dowels  tie  column  to 
supported  beams  and  slabs. 

Inclined  bars  should  not 
exceed  a  1:6  slope,  --^ 


ix 


Concrete  columns  are  designed  to  act  together  with 
vertical  and  lateral  reinforcement  in  resisting  applied 
forces.  Consult  a  structural  engineer  and  the  building 
code  for  the  required  size,  spacing,  and  placement  of  al 
reinforcement, 


Lateral  Reinforcement  restrains  the 
vertical  reinforcement  and  strengthens 
the  column  against  buckling, 

•  Lateral  ties  should  have  a  minimum  0 
of  5/a"  (10),  spaced  apart  not  over  ¥d 
tie  0, 18  vertical  bare,  or  the  least 
dimension  of  the  column  section, 
Each  corner  and  alternate  longitudinal 
bar  should  be  laterally  supported  by 
the  bend  of  a  tie  having  an  included 
angle  of  not  more  than  155°,  with  no 
bar  being  more  than  6"  (150)  clear 
from  such  a  supported  bar. 

s  Spiral  reinforcement  consists  of  an 
evenly  spaced  continuous  spiral  held 
firmly  in  place  by  vertical  spacers, 

•  Spiral  reinforcement  should  have  a 
minimum  0  of  °l&"  (10),  with  a  maximum 
center-to-center  spacing  between 
spirals  of  Ve  of  the  core  diameter,  and 
a  clear  space  between  spirals  not  more 
than  5"  (75)  nor  less  than  t'W  (35) 
or  1J/2  x  the  size  of  the  coarse 
aggregate, 

•  Extend  spiral  1-Vz  turns  for 
anchorage  at  ends, 


\      ■: 


Rectangular  columns: 
5n  (205)  minimum 
width  and  a  minimum 
gross  area  of  96  sq. 
in.  (61,955  mm*) 


Round  col u mm 
10"  (255) 
minimum  0 


If      t 

1 , 

1     ;    1 


o 


Vertical  reinforcement  augments  the  ability  of  a 
concrete  column  to  carry  compressive  loads,  resists 
tensile  forces  when  the  column  is  subject  to  lateral 
loads,  and  reduces  the  effects  of  creep  and  shrinkage  in 
the  column. 

•  Vertical  reinforcement  should  not  be  less  than  1%  nor 
more  than  d%  of  gross  cross-sectional  area;  four  No. 
5  bars  minimum  for  tied  columns  or  six  No,  5  bars 
minimum  for  spiral  columns, 

•  Extra  ties  may  be  required  at  support  points. 

*•  I-V2"  (o&)  minimum  cover  for  steel  reinforcement 

•  Splices  may  be  made  by  lapping  the  ends  of  vertical 
bars  by  a  length  specified  in  bar  diameters,  or 

by  butting  the  ends  of  vertical  bars  and  either 
connecting  them  with  a  sleeve  clamp  or  arc-welding 
the  butt  joint. 


-•  Dowels  overlap  vertical  bars  40  bar  diameters  or 
24"  (810);  extend  down  into  footing  or  pile  cap  far 
enough  to  develop  adequate  length  for  anchorage, 

Concrete  columns  may  be  supported  by  isolated 
footings,  by  a  mat  or  combined  footing,  or  by  pile  caps; 
see  3.09  and  3,18, 

-»  3"  (75)  minimum  cover  for  steel  reinforcement  when 
concrete  is  cast  against  and  permanently  exposed 
to  earth 


r  i 
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\y  Below  frostline 

j  Contact  area  of  footing  distributes  column  load  to 
ensure  that  the  allowable  bearing  capacity  of  the 
supporting  soil  is  not  exceeded;  V-&"  (510)  minimum. 


einforced  «  i  ■  lum  ireusuall 
cast  with  onci  ■<  be  n  nd  slabs  to 
formamonoli    ;       *   I 


Reinforced  concn  Its  columns 
einfo  ;  dcont    tebeai      nd slabs 
see  4,04-4,05 
Reinforced  co  crel  Jtwo-i*  iv  slabs; 


see  4,06-4.07 

^*  Column  spacing  =  beam  or  slab  span 

•  Column  .;.•  i  ingdeten  tines  imposed  loads 

s  12"  (30     oil  ;-'•!    in  si  pportupto 
i"1' "   (1S5mz)o  flooi  !i  I    of.  rea 

•  16"  (405)  column  can  support  uf  to 
5000  sf  (250  m2)  of  floor  and  roof  area. 

•  20"  (510)  (  -l  i  on  can:  i|  port  upto 
4000  si  (.*  7  n  :)o1  flooi  m  roof  area. 


Lay  out  columns  along  a  regular  grid  for 
economical  forming  of  beams  and  slabs. 
Columns  should  be  continuous  to  the 
bui  lingfi   *,     ioi 

Whenever  possible,  vary  required  steel 
i  ;inforcement  rather  than  columns  ize; 
whenneci  >  i  y.var    nh  on  dii  iension 
of  a  column  at  a  time. 


With  hi  U(     *  rie%  f  steel  i  nne<  tors, 
reinforced    »n  reteQ  lumi  * canal  >o support 
grid  of  til  ibei    •     ;elbi  m 


-  Tirnb(  roi    te  Ibt    n 

-  Steel  i  innecto     !     squired  tc     ipporl 
and  a  ichoi        Ioi    I    I  beam;  to 

mi  rete    )  mi  . 


3),.tsft    <i!))(?m'b>:y 
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Anchor  reinforced  concrete  wails  to  floor 
slabs,  columns,  and  intersecting  walls  with 
No,  5  bars  minimum  §  12"  (305)  ox,  for 
each  layer  of  wall  reinforcement,    ^„,^ 
I3end  horizontal  reinforcement  at  corners 
and  wall  intersections  for  structural 
continuity, 


Walls  more  than  10"  (255)  thick  require 
reinforcement  in  two  layers  placed  parallel 
with  the  faces  of  the  wall. 
No,  5  bars  minimum  spaced  not  more  than 
3  x  wall  thickness  or  Yd"  (455)  o.c, 
Minimum  ratio  of  vertical  reinforcement  to 
gross  concrete  area;  0,0012 
Minimum  ratio  of  horizontal  reinforcement 
to  gross  concrete  area:  0,0020 


3A"  (19)  minimum  cover  when  concrete  is 
not  exposed  to  ground  or  weather, 
I-V2"  (35)  minimum  cover  when  concrete 
is  exposed  to  earth  or  weather; 
2,!  (51)  minimum  for  No.  6  bars  and  larger 


Minimum  wall  thicknesses: 

6"  (150)  minimum  for  bearing  walls  or 

Vzs  of  the  unsupported  height  or  length 

between  stiffening  elements 

4"  (100)  minimum  for  nonbearing  walls  or 

Vss  of  unsupported  height  or  length 

2"  (51)  minimum  for  nonbearing  interior 

partitions  not  used  as  shear  elements 

6"  (150)  minimum  for  plain  (unreinforced) 

walls  with  a  height-to-thickness  ratio  of 

less  than  22 

d"  (205)  minimum  for  basement, 

foundation,  fire,  or  party  walls 


A 


-*  Reinforce  door  and  window  openings 
with  a  minimum  of  two  No,  5  bars 
extending  at  least  24"  (610)  beyond 
the  corners  of  the  opening. 

x-  20  (51)  clear 
•  Diagonal  bars  optional 


I     I 
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Concrete  walls  usually  rest  on  a  continuous 
strip  footing;  see  5,09-5,10. 
Wall  is  tied  to  its  footing  with  dowels  bent  i 
alternate  directions. 

6"  (150)  minimum  above  reinforcement 
3"  (75)  minimum  cover  when  concrete  is 
cast  against  and  permanently  exposed  to 
the  earth 

Consult  a  structural  engineer  and  the 
building  code  for  the  required  size,  spacing, 
and  placement  of  all  reinforcement. 
See  12,04-12.05  for  a  discussion  of 
concrete  as  a  construction  material. 


Will 


Concrete  formwork  for  columns  and  walls 
may  be  custom-built  for  a  specif  ic  job,  but 
prefabricated,  reusable  panels  are  used 
whenever  possible.  The  framework  and  bracing 
must  be  able  to  maintain  the  position  and 
shape  of  the  forms  until  the  concrete  sets. 


£* 


Column  Forms 

-  Fiber  forms  have  a  smooth  or  spiral  pattern 
finish  and  are  disposable. 

*  1'-On  to  3'-6"  (505  to  1065)  in  diameter 

•  Sonotube  is  a  trademark  for  a  brand  of 
cylindrical  column  form  made  of  compressed, 
resin-impregnated  paper. 


Wood  formwork 

Reusable  forms  may  have  a  square  or 

rectangular  cross  section. 

Yokes  are  clamping  devices  for  keeping 

column  forms  md  the  tops  of  wall  forms  from 

spreading  under  the  fluid  pressure  of  newly 

placed  concrete. 


J 

/<s 

l^^ 

cf 

J 

p 

i 

il 

f 

^\l 

V 

t 

S 

f 

i    1 

1 

p 

1 

1   jT^s. 

(Vail  Forms 

Spreaders,  usually  of  wood,  space  and  keep  the 
wall  or  forms  apart. 
Form  ties;  see  5.0$ 

■  Plywood  sheathing 
Inner  surface  of  panels  leaves  an  impression  on 
the  concrete 

Wood  studs 

■  Horizontal  waters  reinforce  the  vertical 
members  of  form  work. 

'  If  necessary,  strongbacks  provide  vertical 
support  for  aligning  and  reinforcing  waters. 

■  Sill  plate 


The  contact  surfaces  of  forms  are  coated  with 
a  parting  compound— oil,  wax.,  or  plastic- — -to 
aid  in  their  removal.  From  a  design  standpoint, 
the  shape  of  a  concrete  section  must  allow 
for  the  easy  removal  of  the  formwork.  Tapered 
sections  are  used  where  the  formwork  might 
otherwise  be  trapped  by  the  surrounding 
concrete.  Sharp  external  corners  mt  usually 
beveled  or  rounded  to  avoid  chipping  and  ragged 
edges. 


>racing 
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Form  tii  .  met  cmin  I  to  keep  wall  I  >  m  fr< 
spreading  in  lei  th<  fluid  pn     ire  oi  i  wly  placed 
concrete.  While  various  proprietary  forms  are 
available  then  ire  two  ba  i  type  >    nap  th     md 
she  bolts. 

—  Snap  i.  i  i  we  notches  or  crimps  thai  allow 
their  end  >tobt  snapped  off  below  the  concrete 

.     surfacf  after  strippin  \oi  Ik  forn  i  ithei  (-ones 

or  washers  are  ii1-  dti  maintait  th  correct  wall 
thickness. 

—  Small,  truncal  h  >n<    ofwo(  !  ;1  !  or  plastic, 
rtta<  I  ed  lofo  n  ties  to  space  am  -pre  e  e  i1 
forms,  leave  a  i!/  itly  finish  tdepi  .moninthe 
con<  i  te    hi  \c  tobi  filled o  left i  <posi  I 

-•  She  boh     on:  istoi :  il    rods  th     ire  inserted 
through  the  form  and  threaded  onto  the  ends  of 
an  inner  rod.  After  stripping  th    valerrodsare 
removed  for  reus    '  it  th  inn  rrt  Irei  tain    n 
the  concrete. 

^  h  iriel    >f  wedge    n     lotted  d    ice;    ighl  m  the 
formworl  ind  transi    the  force!    iform  tie  to  the 


When  exposed  or  visible,  the 
tit  hot  lo    i    ,*  .  houldbt 
coordinatei     I    ilk  wall's 
surface  design. 


Tie  holes  may  be; 

—  Patched  to     tchti      -     i  «■ j      inish 

—  Left (  pos  i   itl  th  expo     iti<     A    »o  u 
/  Filled  with  a  plastic  cap 


Width  varies 
V  to  V  (3  to  6) 


/2"to  74"  (15  to  19) 


1/2M(5c3) 


Linear  reci    >t      in  be  used  to  create  a 
patti  rn  n  hi  ■  ui  i    o\  iconi  el   wal 
separati  difh  i  n1  <*  ill  surface  treatments, 
andhelpconi  eah  m  trui  tion joints. 


Chamfer  scrips  of  mod  cr  other  material  are 
itl  ii  lied  i  s  th<  in;  id< ofai  >rm  tops  duci  i 
m  x  thaoun  led  o\  beveled    t,  o  ,  th<  outside 
corner  of  a  concrete  member. 
I'ii  mil  iti  n  strips  o\  wodo\  othi  i  n  it<  rial  are 
itl  ii  hed  o  t.i  insidi  i  it,  of  a  form  to  produce 
a  groove  in  the  sui  I  <<  ■  o\  acorn  n  1 1  member. 
These  strip;  an  il  >o  wail  ibl<  a  pari    oi  pi     r 
formliner  systems. 
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Architectural  Casl  in  Place  Concrete  Forming 

.  ]  3  Concrete  Form  Liners 


variety  o\  sun  \a  p  tt< 
nd  textures    in  b*  pwduc 
the  following  iethods 


Selection  of  the  Concrete  Ingredients 

•  Thecal.   *   cohi  reft    ml      mtrolled with 
u    o     >lo   d<  in  ntan<   iggn  ,  I    > 

s  Exposi  I  u"!'         finish     ire  produced 
b  's, ,« :i i  ■  in-,  el  ;hh    ,  ith  an  acid,  or 
scrubbing  tco    reti    u  face  ft  i   Ik  initial 
set  in  rob    .    mo\     hi    utei  layer  of 
cement  pasti  md  •  po  -  i  ■■  ai  j   gate 
Chemicals i  info    prayer       ;    I  rmstohelp 
retard  1  le  setting  of  the  a  m<   t  pastes 


Exposed  fini  Aggregc  fe 


Exposed  toorse  Aggregote 


The  Impressions  Left  by  the  forms 

s  raeton  brut  refers  to  concrete  that  is  left  in 

its  natural   tate  :i  ei  form  ,,  I  i:  removed, 
»pi  ialiywhi    theconcrel      irl  \a  reflei  • 

thetextui    join      mdi   >t  nersofaboard 

form, 

*  Plywoo  if<  in,  can  I   ;  mooth.orbe 

an  Ibl  •  ted  oi  -*!s  bru  »hed    1 1.  c<  nti  i 
the  grain  pattern  of  the  face  ply, 

*  tathing  lu  nfo   produci      boai  11  :xti  n 

*  etalorplastii  formlin  i   can p  od\ 
variety  o\  texto   a!  Ipattei 


Sandblasted  Piywooc 


Board-and-Botien  Pattern 


iibbef  texture  on  ilin  i 


Treatment  offer  the  Concrete  Sets 

•  Com  re1      !>:,f  painted  i        d    to    I 
has  set. 

•  The  con  rete  surface  can  fo      t  bl     -. 

i  bbed  orgi  )und  smooth. 

•  Doth:  moothandte:    red    rfac    ca 
bebusb-orjackhammered  to  produce  coarser 
textures, 

•  hmlib  i  nrrii  a-  -  li:   t     , ired 

inisl    -obtained  by  i    cturing     om  rete  or 
ti  n    .ui    o    'Itl  ipoi '      riven  h  in  n  ei 

[-"  •  ,■  -  -    angulai  he    wi  h      >i  ug     A 
.  m  ted  o\  toothed!  i    . 


i  ;  ■  nn  red   url  i  s 


I  lb! ;"  Suri  ii    lu ,  arori  ered 


io    fiKftsi  oiw  iwvt  wfti.i.r 


Up  to  24' (7  m)  high 

3J/2!lto10,f 

(90  to  255)  thick  v 


ft1  (2440    i,  I    typii  si  for 
ill  pan  I  '.-p.!  .up  to  12' 

(    /.M     I)  IV      I   ||   i 


Up  to  24'  (7  m)  high 
5J/2"to12" 

(140  to  305)  thick- 


Upto4ftl(14m)hi^h 
12"  to  24" 

(305  to  610)  depth' 


Kigid  foam 
insulation  core 
Wire  sheas  ti    I',.!- 
inner  and  outer 
wyth   >ofc<   ci  t< 


Precast  concrete  wall  panels  are  cast  and  steam-cured  in 
a  plant  off  site,  transported  to  the  construction  site,  and 
set  in  place  with  cranes  as  rigid  components,  fabrication 
inafacloi     nvironm; '  >   nai     .th<  ui  its  to  have  a 
consistent  quality  of  strength,  durability,  and  finish,  and 
.  limin  itestto  need  for  on-site  formwork. 

Theprecasl   /all  panel;  may  »<  convent  onally  reinforced 
or  presti     >ed  f<  i  gre  iter  structural  efficiency, 
reduced  pm  thickne:     -   ndlom  i   pans.  In  addition 
tothereqiiii  :d  tensile,  shrinkage,  indl  rnperature 
n  inforcement,  exti  ,  \  inforcementmay  benece;  sary  to 
resist  the  sta       >  if  transportation  and  erection, 

*  Precast w  ill  panel  m  i\  I.  »!  -olid  a  mposite.or 
ribbed  con  ntructiom 

-  Window  nddoi  i  op  una-    orbei    md am  boring 
,i«  f\\  e  >an   a;  i  ntotto  o  i  Ip  in<  • 

•  A'  it  ir  tyot  quality  controll  dsurl  ice  textures  and 
p      i  i    in  .<.  lil  il  I   i  o    nil  mam  fat  turei 


.olid  Panels  Comps  ;ite  I  in  I 

Precast  Concrete  Wall  Panels 


Ribbed    inel 


P  e  a:  t  Con  rete  Col  n  ins    - - - — 

Precast  a  nereis     dum  i     retypii   lly  used  with 
p ,..-  i;  i  P  im  U  I  rm     trui  tui  iH  om,  5ei  Ml 
I  ec  us  ■;  |  I  join  I     ,   di  h.  i  II  to  1  ib  cal    na 
a  i„      .  a  •  tu  iH    m<     h(  it  -vail     i  -  ia  on  il 
bi  K  i  itja    m  m  il  i\     dupoi  I     I  ibili    th 
structure  \§  lin  .i    i  oral  forces. 


10" v  !0!  (2  >5x255) ci  un  n   ill  uj  p  n 
approxima  ely2000  >!  (165  m2), 


12"    12"    0       ■ if   .  ■  lun  nwillsu     »rt 
appro  im  I  I  ?  '-'' if '    (255  rn  ) 


r<"    h  i"|  105   4(  5)  column  will  support 
approxim,  ".  1-500  .:  (415  m2), 


Foi  pm  In  linar  'd«     jnpu  "  •    th*    l  we  sizes 

ol   r   ,i  i  column  i  mbe  is    med    >su|  »oi    the 
in  i  ited  i  0(     nd  o<  I    ■ 
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Precast  Concrete 

Precast  Structural  Concrete 


Precast  concrete  wail  panels  may  serve  as  bearing  walls 
.     wtirii    itecastconci  U  Ifio  i 

androoi :  .        ogetherwith  precasl  concrete 
■  •    «     '•-  I;  ■    i!       lip     l,.i(  rtnan 

itirelypn      S;  structun       .     ithatisinherentl 

n   lul  ;  in  I;     resr  lie    i<    al  os1     md 4,15. Foi 

.',e  1       i  if  pre     >tcoru    te  panel    see  7,27, 

The  late  s  !1       ?ilil        |      istcoi         structure 

urn  M       those  flooi        roe     hatsc  rveas 
i  oriz  n1      (,  phr;  _,.  >  :     I       'transfertbei 
wc>  >tosh   ii    esi  !  i    i  all  pa  lei    fli  s  ill]   i 
in  turn,  must  b<  stabilized  by  columns  or  cross  walls 
as  they  ti  nsferth     teralforci      )  the  ground 
found  itii  is  <  life  c*     reti  in  fe  edb^     ombi  lation 
of  g  .-.'ii„;;  in1      hi  trke;  .  r    h  mi  ii    nrii   cei 
steel reinff  reel    n1     i<  i  infom     on<    t<  to  yn,,  > 


Precast  ci  i     i    >lab    see- 
Preca  !  colum  i  a  id  beam 


cejildinoj  design  should  take 
advantage  o1  >1  nd  rd  panel  sizes 
and  i  -  nfigui  scion  > 
1  -I    j  i  i     i    (hi  o     illpai  !: 
Idi  ire  I  loo     ■  ft  )t  h  ie>ht. 


;ast  loadbearing  wall  panels 
7.27  for  noi !  ?ariiiei  pn  ■  is1 


<:,/ 


orbel     !  ;>      isl  ml       II 
and  colum  isl    provi      M    onal 

bearine  for  floor  and  roof  slabs. 


-    m      f<  tin 


Continuous  footing  or  grade  beam 
upj  orl    II    |    rsor  il 


i'RtX 


CfllCRITK 


CTION! 


Steel  angle  welded  to  plate: 

anchored  in  wall  and  slab  units 
Built-up  or  membrane  roofing 
system;  see  7,13-7,14. 


~*  Neoprene  bearing  strip 
;  Corbel  provides  required 
bearing  area. 


Precast  Concrete  Slab 


k!m  t  it  i  bearing  I  i !  h 
should  be  at  least  Viso  of  the 
clear  span;  2"  (51)  minimum 
fot  >oltdot  hollow ci  n  si  i!>  < 
V  (75)  mi  limum  ( s  bi  mi  >or 
i  emm  dm*  ml  ei  >. 


« 


s  Quirk  miter:  °/4"  to  1-1/2" 

(19  to  55) 
-  Packer  rod  and  sealant 
-*  yerticaljoint;1/2"(13) 

minimum 
s  Dis(  m  inuesealanl 

at  vertical  joints  for 

drainage, 


Pane!  joints 


Precosl  Concrete  Sial 


Ctt„wfi 


-■»  Steel  ba  -  plat  ca  >1  with 
upperw  illpani  Is  and:  e<  1  red 

with  anchor  bolt  cast  into 

lower  wall  panels. 
-  Grout  pen '  I  dtei  bolted 

. ormei  I  mi  m  1  li 
->  Dowels  in  1  inft  rcei  concrete 

to]   i ig  1    r  ml  :d  shear!    i$ 

tie  si."    •  ipporting 

wall  panels. 


i     |L 


Clip  angle  welded  to 
anchor  plate 
Anchor  bolt 
Shim  pads  and 
nonshrink  grout 
-  ontinuou »    rip  ooting 


Postl  nsionedrod 
Shim  pads  and 
nonshrink  grout 
Posttensioned  anchor 
cast  into  footing 


Column  Spike 

4 


Splice  bat    -  I     It 

steel  angles 
U  "'  mtom  lat 
.ecuredt  i  -I  im  1  » «  io  1 
with  t"  i""  bolt; 
Drypack  with  nonshrink 
grout  after  columns  are 
aligned  and  bolted. 


See  also  4.13  for 
column,  beam,  and  slab 
a  nei    on 

Consult  a  professional 
1  git    s  in  lth(  bu  dm, 
code  for  detailed 
structural  requirements. 


Concrete  footings 


Column  Base 


^  Steel  b  v  plate  secured 

to  column 
;  Leveling  nuts 
*  Anchor  bolts;  1"  (25)  0 

minimum 
->  Drypack  with  nonshrink 

grout  after  column  is 

aligned. 
-  Column  footing 


Tilt-up  i"     ructi          ne1  in<    enforced 

cc.i'  rete     li|    ids  on     ■    i  rizon    :;  ■   ition.then 

tilting  thei i  i|  inl    theii  -  po  »ition,  The  principal 

advantage  o\  ill  upct  isi  in  is  the  i  liminationofthe 

costsassoi       I  with      51  inland  stripping  vertical 

ilfo   i    thi    '"  t       .i  ,-  ;.    ,  ■  thi  ■  »51  ofthe 

crane  requi  ed  i   lift   In   >   i|  d  .  ill  pa ,  !  into  place. 


id  the  |  ickup 
levici :    i   -  •  :  inti  th  ,;  p  H   :e. 
lis   01  -I      §  >i  d  lal  I  ii  tk  I   ildin 
undei   onstructi*  iusu^  Ilys.  ie      .>;,. 
-  •  tin*  pi  rti  «rm  alth  >i  jhu  irtl    >lyi    -  d 
or  steel  mold!   an      >  be  used.  Th<    la    - 
■■•I  ;  ,  •'.   ign  -  ,   wit!   '  ind  fch<  tru<  I 
;  irii  load  H  thi  lifti  •;  )p  i  ition  require: 
thepres<  nee  oft!     raneonthi  slab. 
The  casein ,  !    h,    isli  >ul   be  level  and 
mooth    trowi  led;  a  I  >•,-  b  •  tkrng  ig<  i1 
is  used  to  n   in  i<  lean  lift. 
Reveal    i rid  recessed  steel  plati    may  I 
cast  into  dif  und*  r  idei  f  the }  inels.  — 


Once  the  v    I }  k    recur  d 

tosuffidi    -   itl  S.'lC''    ! 

lifted  with  a  era i  ii  I    ton  their 

fee  i  -  orpii ,  fh  /ai  ' 


thenterrij  braci  f  until  ^X 

ine<  bio  I;     nbi  i    detothe 
.  n  >  ling  part  of  i      structure. 
!'•  m\  pai  el  mui  I  b<  d  ?i  )ned 
to  with  »t     Ith     ti     »esoi  bein 
I  If  te  ;  ndi  \oved,\  hi<  n  mexcec 
i      n-pla     .1 


Full-size  [         may  be  up 
to  15'  (4570)  wide. 

5J/2"t0llJ/2"(140t0 

290)  thick 


spandrel  ui         nov   hang  an      -,  n 
openi  105 1  ptoi   >'(91 1-5)  vide.  — — - — " 
[he  floor  and  roof  conn       nsan     nilai 
to  those  shown  in  S  13  and  5      ( bownare 
typical  wall  pa ni  h  inn  !i  tioi  >to  idjai    ;i 
',;  I;  ii  Ifoi  ui" 


L_-_. 


.. _a. 


This  section  of  slab  is  placed 
,  ten  ill  is  erect! 


Qui  I  n !    r.  /  'to' 
(19  to  3ft) 


Irninii  iui  i 


vow     h 


Foundations 


rerouted  after  wall  is  set 
n  onti    i        -in «, 

allows  w,  II  panel:    >b    hi  !  ,<  . 

to  a  level  position. 

Prec,    i   'W      el    nay  be 
uppoi    d  by i  -  >I  be  !-  re  u 
i  o  in  .■     trij  foi  tin  is.orpiei 


I  ■  .-.,!  corner 
7211  (13)  minimum 
backer  rod  and  sealant 
Precast  wail  panels 


%  I  '  •  .      .  panel joini 

V2"  (13)  minimum 

Backer  rod  and  sealant 


Panel  Connections 
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Masonry  walls  consist  of  modular  building  blocks  bonded 
together  with  mortar  to  form  walls  that  are  durable,  fire- 
resistant,  and  structurally  efficient  in  compression.  The 
most  common  types  of  masonry  units  are  bricks,  which  are 
heat-hardened  clay  units,  and  concrete  blocks,  which  are 
chemically  hardened  units.  Other  types  of  masonry  units 
include  structural  clay  tile,  structural  glass  block,  and  natural 
or  cast  stone.  See  12.06-12.07  for  a  discussion  of  masonry  as 
a  construction  material. 

Masonry  walls  may  be  constructed  as  solid  walls, 

cavity  walls,  or  yeneered  walls. 

See  7 25-7 2d  for  masonry  veneer  systems. 


il                1                li 
_ _ ft L _JI _ 

; 1 !"' 

!      /JSllI 

il 

;E1 


Masonry  walls  may  be  unenforced  or  reinforced. 

Unreinforced  masonry  walls,  also  called  plain  masonry, 

incorporate  horizontal  joint  reinforcement  and  metal  wall 

ties  to  bond  the  wythes  of  a  solid  or  cavity  wall;  see  5.16- 

5.17  for  types  of  unreinforced  masonry  walls. 

A  wythe  refers  to  a  continuous  vertical  section  of  a  wall 

that  is  one  masonry  unit  in  thickness. 

Reinforced  masonry  walls  utilize  steel  reinforcing  bars 

embedded  in  grout-filled  joints  and  cavities  to  aid  the 

masonry  in  resisting  stresses;  see  5.1ft  for  reinforced 

masonry  walls. 


Relatively  small  unit  sizes 
make  curvilinear  and 
irregular  forms  possible. 


CSI  MasterFormat  04  20  00  Unit  Masonry 
CSI  MasterFormat  04  21  00  Clay  Unit  Masonry 
CSi  MasterFormat  04  22  00  Concrete  Unit  Masonry 


Masonry  bearing  walls  are  typically  arranged  in  parallel  sets 
to  support  steel,  mod,  or  concrete  spanning  systems. 
Common  spanning  elements  include  open-web  steel  joists, 
timber  or  steel  beams,  and  sitecast  or  precast  concrete 
slabs. 

Pilasters  stiffen  masonry  walls  against  lateral  forces  and 
buckling,  and  provide  support  for  large  concentrated  loads. 
Openings  may  be  arched  or  spanned  with  lintels. 

Modular  dimensions 

Exterior  masonry  walls  must  be  weather-resistant 

and  control  heat  flow. 

Water  penetration  must  be  controlled  through  the  use 

of  tooled  joints,  cavity  spaces,  flashing,  and  caulking. 

Cavity  walls  are  preferred  for  their  increased  resistance 

to  water  penetration  and  improved  thermal  performance. 

Differential  movements  in  masonry  walls  due  to  changes 

in  temperature  or  moisture  content,  or  to  stress 

concentrations,  require  the  use  of  expansion  and 

control  joints. 

For  installation  of  thermal  insulation,  see  7,44. 

For  fire-resistance  ratings  of  noncombustible  masonry 

walls,  see  A.12-A.13. 


Lateral  Support  for  Masonry  foils 

Type  of  Masonry  iaiirnum  L/f  or  H/t 

sarin   ";', 

"  lid  »  <   m  I       2D 
All  other  \b 

Nonhealing  Walls 

Exterior  \b 

Interior  56 


•  L/t  =  ratioo1  'all    u  hi     hi     « 

1  ,  r  1  . ,(    irtmaybi    "o    le<    /crosi 
walls,  columns,  or  pilasters, 
-  H/t        tloofi   II  h*  ighl  to  hi  kni 

lateral  support  may  be  provided  by 
floors,  beams,  or  roofs. 

•  Morestrii  g?  n1  requii  men  ; exist foi 
Seismic  Zones  5  and  4, 

•  Oonsull  ipi  )f«    wm\t  igineer  and 

the  I  lid  qcodei i 

requirements  of  all  masonry  walls, 

Allowable  Compressife  Stresses  (psi)* 

in  IJrirei  '■    u      s  .  -y  ■•    V 


Mortar  Type 

Type  M 

lype  S 

Type  N 

Solid  brick  masonry 

4500+  psi 

250 

225 

200 

2500-4500  psi 

175 

160 

140 

Solid  concrete  masonry 

Grade  N 

175 

160 

140 

"i  ',  ' 

125 

115 

100 

Grouted  masonry 

4500+  psi 

350 

27 

Not 

2500-4500  psi 

275 

215 

permitted 

Cavity  walls 

Solid  unites 

140 

150 

110 

Hollow  units 

70 

60 

50 

Hollow  unit  masonry 

170 

150 

140 

N  itUf  1    i       li 

140 

120 

100 

1  psi  =  639  kPa, 

Solid n      >n  'unfl   havean      urfaceai      r  I.  : 

/■  •/•'  f  the  gross  cro         •'■  n  il       paral    U     i 

bedding  plane, 

Hollow  i  less 

;     1 7     of  1      ;     sera;    sectional ai     t      II 

the  bedding  plane. 


Minimum  Wall  Thickness 

—  &"(2(   »)mi    .  itnnom    I    il  knessfor: 
e    Masonry  bearing  wall; 
4   Masonry  shear  walls 

•  Masons;  ?arape1  i;  heigh       >arape1  not  to 
exceed  5  x  parapet  thickness 

•  6"(      )mi  limu  i  nominal    ih  m  sfot 

•  ,  :info   edrrt  3onryb<  rue'  ill: 

•  Solid  i  lasonry  walls  in  on<    toi  'bull  lii  /  ,« 
more  than  9' (2745)  high 

e   Masoni >   <  i1      lied  ip<    I  >i  •  Stance  to 
I  iti  ■  illo,  ling  wt  limiti  ,  o!     (10  n)  i  h  i  jht 


Mortar 

Mortar  i     plasl     i  ixtui   <  !•  mi  nl  !r  li  n<  oi  i 
combination  o1     th   >itl  -  mdandwal  r,  used  as  a 
bonding  agent  in  ma  .onry  construction, 

•  CSIIvlas   rFormal     1-05 13  Mason    Mortaring 

•  Cemet    mi ,,  ri;    i1 1  bymixi   jportl  i  o  nent    in  * 
and  water, 

•  Lime  mortar  is  am  ;1      oflii  e  r  n    a       iter!  i  il  r 
rarely  used  b<  .  ::•■  ofil  ^  slow  rati  of  hardening  and  low 
compressive  strength, 

•  Cemeni  lirnemorta!    »ai  menl     rtartc    hichlimeis 
id  led  toincr     e  its  plasticity  nd  /atei  r  s  ntivity 

•  Mast  trycen    i        proprietary  mi    Tportl   id    me  i 
ii  I  other  in  i    ienl     i  iha,     itedlim   pi,  itii    ei  ■ 

iir  margining  ige  i1     in  I  gyp  mm  requiring  only  5 
addition  oi  and  an  I  ass  ti  n,  5  <  menl  mortar, 

8  Type  Mm  rtari    ihigh     rengthmort,    r   unmended 
"   i    in  i  ini  'i  ;edma  >on  /bel  vgradf  orincon    d 
1  ith  th    a   h  ,  ■  ''■+!  lation,  ndr  i  ining  /all  ?si  bjei  I 
to  frost  action  or  to  high  late   lorcompre  siVe  loads 
cot    »    «sivestn  igth  'i7r--  in-  1(1/  -3& ki  a 

•  Type  S  mortar  is  a  medium-high  -strength  mortar 
t     remanded      -1  .  ni  /wl  r  bond 
lateral  stem    t,     more  in  pi  is  m  th  ncomprc    •  '< 

m.   hi  compn     ve  strength  <    ;•'+•  p    (12,411  kPa), 

•  Type  Nii,  »rt.  1 1      ni  lii  i      rength  mortar 

i       mended      i<    j>       ein    posed  ma   >nry  above 

,,-,  w  i.      ii  |l    -  ni|       i      id    terah    ei  gth,  •< 
notrequin  !     ■  i  >i      ivesl     igtl  o\  '  * )  psi  (5171 
kPa). 

•  Type  0  mi         >       --strength     • ,       ii  ibb  for  use 
ininti  rioi     nloadbi     ng     lis  a   I  partitions, 

•  Type  I  morta     av      low-s1    ngth  lorta     ii    ble 
■  nly  or  use  i  ii  iteri  i   +s  ,-s  ring  wall    vh  r< 
permitted!    I      u    in 


NREINFGRCED  MASONRY  WALLS 


Truss  ties  or 
ladder  ties 


<<-->,\ 


ixxk>Sx^ 


'**§/' 


Jl 

'    !<     !    1 

1    a 

Solid  Masonry 

Solid  masonry  walls  may  be  constructed  of  either  solid 
or  hollow  masonry  units  Said  contiguously  with  a!!  joints 
solidly  filled  with  mortar, 

Single  wytbe  wails  are  typically  of  concrete  masonry 
units  (CMU)  bonded  with  horizontal  joint  reinforcement, 

-  Concrete  masonry  units  (CM Us) 
-*  Horiz  !i  ilj  in  reinfoi        ntisl  illy  en  b<  ld<  ( 
in  bed  joint  mortar, 

•  Vertical  spacing  of  joint  reinforcement  not  to 
exceed  16"  (405) 

*  Vertical  cells  of  the  concrete  blocks  maybe 
reinforced  w  I:  teelbars  i ,!'  *  led  in  grout. 


Wyth  jsrna^/  bebf  ide<  1 , 
■,„  i  oni  -  leaders    - — - 
or  by  rneta  I  ties,  — — — 


iiliilll 

l  .  J 
i     -t      'i 

<    "       I             ! 

i  .  ,       ■ 1   .  .     I 

it.ii'  i 

..,:,.    , 

Solid  masonry  walls  may  also  consist  of  multiple  wythes 
bonded  by  grout,  corrosion  n  stant  metal  wall  Ut  >.•'<: 
horizontal  joint  reinforcement, 


Vi  i  ionry  headers  houid 
compost  it  least  -i  {  "; 

exposed  face  area,  with  a 
vertical  and  horizontal  spacing 
ofnotlesi  than  24"  (610), 
Metal  ties  should  conform  to 
requirements f<  t     vitywalls 


!      \. 


ir  a 


MSC 


n 


*  Composite  wails  are  solid  masonry  wails  having  a 
facing  wythe  and  a  backup  wythe  of  different  solid 
oi  holl  win  i  <  n<\  ■  nit! 

-  Facing  wythe 

-*  Backup  wythe 


k^Ji 


i"':  i  i 


:  i 


p  \ 


L_J1_ 


We"  (16)  minimum  mortar  cover  between  ties 
or  joint  reinforcement  and  any  exposed  face 
1  •" (( ;  minimut    n<  1  irthi  kn  s  >b    m  n 
na  >on  y  md  f  ,  js  oint  reinfoi   m  :n1 
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Grouted  Masonry 

(   ousted  masonr  :•  ills!  -      Html  dor joints 
fill    ,     i       •  i1  p  i  ■      ■     workprogi 
the  grout  used  i   c<  n  olidat  thi  »;;  >i  ii  i< 
materials  into  a  solid  mass  is  a  fluid  portland 

i<   ■  norl  n  thai  -  ill    n   m  ilywithi  u 
• <  -I  gal  >n<   thi  ingi  d     I 


•  All  interior  joints  are  filled 
entin  ly  w/grout.  — — — 


6kn  (19)  minimum      owdiftg  nstructioi 

Low  liftg  luting  e  cui  Hi  '  -  m  t<  oe  ding 
6xth<  width  hi  in  ii  i<  *  rt  dmumof 
5"  (205  ii,!- .  !■    he  wall  is  i    istructed. 

;''  in  limum it   hi(     ii    n 
H  h-liftf  •!■    ,,i      « ipl   .  ;        i    ■'  j  !  n 
in  lifts  no1  excee  lin  ■   (1<    «   .High  IH    i  uti 

quii      ■  M  o  routspac    nd    \\d  n    il  i 
to  bond  thi    i  mi  r  together. 

3/i6"  (5)  rninh  mmol    of  con    i     resistant 
metal  for  each  !  f  (0.19  m  |  of  wall  area 
i  '  •  k05)n  iximui  tvertii  I  facing  of  ties 


Only    peMoi   yp  !  rnori  ri  pen  ih  '  I 


CSI  io  terpen  lot  04  •*'  I  •  Ma  mr    rou  ing 


Cavity  Walls 

Cavity  walls  are  constructed  of  a  facing  and  a 
backing  wythe  of  either  solid  or  hollow  masonry 
units, comph  I  h  >e\  m  tedbj  ic<  ntinuou    it 
pa    an  I  n  led  vithi  n  I  i   all  tit    >i  hori  ontal 
n1  reinfon  men   0  vifr  .  ill:  Ii  we   vo 
advantages  over  other  types  of  masonry  wails; 

1.  ThecavS   ;  Ii  a  ,  -the thi  'tnal  insulation 
valut    <  th<  wall  mdpi  mil     h  in:  talla  \o\  o\ 
additional  ;h  rm  lin  ulation material. 

2.  fheai   -pace  tctsa     barri  r  g,  if  i1  wati  • 
penetration  ii  the  cavity  i  -ki  pti  sear,  and  if 

u  ecj  latew    >  lofes  md  la;  hif  g are ,  rovided 


dju    ,  M,  loop  tie  ~ 
Ladder  loop  tie  ~—^ 
Drip  to  prevent  water 
from  running  across 
tie  to  inner  w,ythe  \ 


j 


I  j 


ivi1 ,  .  b  nol  lessl    n2"   >1)  nor  more 

than  4  J/2"  (115)  wide 

!  >lidoi  holt  wma  »oi  r\  uni 
Doth  far  i",  ,  .i  lb,  eking  ythe:  t<  i  y    3  r'  (100) 
i  linimurn  \o  inal  hickm      Wh  n  oi  >  ii    , 
>m  i  ii  m  un  suppo  i  :d  heigh    >i  f  ngth  f  > 
tht  kn<      thi  m  iluefoi  thi    ne;  d:       alto  the 
!  ni  >i  0    noi  iinal  hickne      >o1  thi  ii  ni , ,  id 
outer  wythes. 

3/is"  (5)  minim  mutieo    orrosion  resistant 
m  ,  Ii'-'  ea     H     f(0.42m2)o1  wall  area  for 
cavitie:  upt<  -  '(75)  /id<  for  id*    ;aviti   » 
provide  an . :  I  tie  for?  ch  3     ((  .25  m2)  of 
wall  area. 

Stagger  ties  in  alternate  courses  wl  a  maximum 
•  r,'1  listam    astweentt     «        1-05)  mda 
m  ixim  im  ho  h  mt  I  me  i  ig< '  ><    (91!  ) 
flaceadditt     I  i     ri     (9151  o.c.  maximum 
aroun     a   ing      thin  12"  (3i 
!.',  i  p  ni  j 

5/s"(10)n  lim ri      .    •  for  joint 

reinforcement 


Reinforcing  steel  bars  are  fully 

embedded  in  portland  cement  grout.  "wr- --^ 

3/4"  (75)  minimum  masonry  cover  N         \    Pi 

for  reinforcement;  Pi?"  (56)         \  •     m 

when  exposed  to  weather:  ;  -,' 

2"  (51)  when  exposed  to  soil  {-- •     -;  {  '  : 

5/el!  (16)  minimum  cover  !    !    .'    -  '  _  ■; 

for  horizontal  joint  ,(t  '  -  - 1 

reinforcement  --_       ..■•-",''     ;      ';  ■'    .-'    I 


Reinforced  masonry  walls  use  steei  reinforcing  bars  placed  in 
thickened  joints  or  cavities  with  a  fluid  grout  mix  of  portland 
cement,  aggregate,  and  water  for  greater  strength  in  carrying 
vertical  loads  and  increased  resistance  to  buckling  and  lateral 
forces,  It  is  essential  that  a  strong  bond  develop  between  the 
reinforcing  steel,  grout,  and  masonry  units. 

Reinforced  Grouted  Masonry 

•  Reinforced  grouted  masonry  should  conform  to  the 
requirements  for  plain  grouted  masonry.  See  5.17. 

-  Metal  wail  ties 

-*  V411  (6)  minimum  between  reinforcement  and  masonry  for 
fine  grout;  V2"  (15)  minimum  cover  for  coarse  grout 


Reinforced  Concrete  Unit  Mosonry 
-*  Horizontal  bond  beam 

"•  AH  cells  containing  reinforcement  are  filled  solidly  with  grout. 

•  Cells  are  aligned  vertically  to  form  a  2"  x  3"  (51  x  75)  minimum 
clear,  continuous  vertical  space. 

•  Reinforcement  continues  down  to  a  reinforced  concrete  footing. 

-*  Horizontal  joint  reinforcement 

-'  Fullbed  mortar  §  end  walls  and  cross  webs  form  grouted  cells: 
only  Type  M  or  Type  5  mortar  is  permitted, 

•  Where  grout  lift  exceeds  41  (1220),  provide  cieanouts  at  bottom 
course  of  cells  to  be  grouted;  inspect  and  seal  before  grouting. 


General  Requirements 

*  Provide  horizontal  reinforcement 
,--••    At  top  of  parapet  walls 

—,    fo  structurally  connected  floors  and  roofs 
— •    At  top  of  wall  openings 
•    At  the  top  of  foundations 

-  10'  (5050)  maximum  spacing 

-  Vertical  reinforcement  to  be  %"  (10)  0  minimum,  with  a 
maximum  spacing  of  41  (1220)  0,0, 

*  The  sum  of  vertical  and  horizontal  reinforcement  to  be  at  least 
0.002  x  the  gross  cross-sectional  area  of  the  wall. 

-  One  No.  4  or  two  No.  5  bars  around  openings,  extending  at  least 
24"  (610)  beyond  corners 

*  Consult  a  structural  engineer  and  the  building  code  for  the 
structural  requirements  of  reinforced  masonry  walls. 
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Minimum  nominal  width  =  12"  (505) 
Minimum  nominal  length  =  12"  (505) ;  .._ 
maximum  =  3  x  column  width 
Lateral  support  for  columns  =  50  xcolum 
The  least  dimension  of  reinforced  masonm 
to  be  12"  (505)  with  a  maximum  unsupported 
height  of  20  x  the  least  dimension. 


width 

olumrc 

j 


Minimum  of  four  No,  5  bars  with 

lateral  ties  at  least  W  (455)  mm  or  0.005 

of  effective  a rea  of  masonry 

Maximum  reinforcement  =  0,05  of  effective 
area  of  masonry 

Minimum  lateral  reinforcement  =  O.QOW  of 
effective  area  of  masonry  — -— -— ~~"~ 


Vertical  core  of  portland 
cement  grout 
Vertical  reinforcement 
bars  extend  down  and  are 
tied  to  dowels  embedded 
in  column  footing. 
Lateral  ties 
Embed  extra  ties  or  a 
portion  of  required  lateral 
reinforcement  in  mortar 
joints, 


Masonry  Columns 


Vertical  core  of  portland  cement  grout  """ 
Vertical  reinforcement  bars  extend  down  and  are 
tied  to  dowels  embedded  in  pilaster  footing,  ^ 
Lateral  ties   __ 


x%  Pilaster  blocks 
-^  Vertical  reinforcement  in 

grout-filled  core 
^  Lateral  ties 

'  Concrete  masonry  units 
(CMUs)  x 


*-—~P>~  Alternat 

e courses 

Pilasters  are  rectangular  columns  embedded  in  and 
projecting  slightly  from  one  or  both  faces  of  a  wall. 
In  addition  to  carrying  vertical  concentrated  loads, 
pilasters  provide  lateral  support  for  masonry  walls. 


Masonry  Pilasters 


■:  .       :':          '        '     Vertical  reinforcement  in 

Lateral  metal  tie 
in  mortar  joints 


1      "Jl  lift  Ulf'Aj.MJ'1i";/     #i  In.  <W|l'IfI 

A  segmental  arch  is  struck  from  a  center 
below  the  springing  line. 


A  Gothic  arch  is  a  pointed  arch  having  two 
centers  and  usually  equal  radii. 
A  lancet  arch  is  a  pointed  arch  having  two 
centers  and  radii  greater  than  the  span.    _ 
A  drop  arch  is  a  pointed  arch  having  two 
centers  and  radii  less  than  the  span.  * 

A  Roman  arch  has  a  semicircular  intrados, 
Spandrel  refers  to  the  triangular-shaped 
area  between  the  extrados  of  two  adjoining 
arches,  or  between  the  left  or  right  extrados 
of  an  arch  and  the  recta  nguiar  framework 
surra  undine  it.  - 


A  basket-handle  arch  is  a  three-centered 
arch  having  a  crown  with  a  radius  much 
greater  than  that  of  the  outer  pair  of  curves. 
A  Tudor  arch  is  a  four-centered  arch  having 
an  inner  pair  of  curves  with  radii  much 
greater  than  that  of  the  outer  pair.  -^ 


; 


Rise  is  the  height  of  an 
arch  from  the  springing 
line  to  the  highest  point 
of  the  soffit;  minimum  of 
1"  per  foot  of  span  (1:1 2), 


Masonry  arches  utilize  the  compressive 
strength  of  brick  and  stone  to  span  openings  by 
transforming  the  vertical  forces  of  a  supported 
load  into  inclined  components,  These  outward 
thrusts  of  the  arching  action,  which  are 
proportional  to  the  total  load  and  span,  and 
inversely  proportional  to  the  rise,  must  be  resisted 
by  abutments  adjacent  to  the  opening  or  by  equal 
but  opposite  thrusts  from  adjoining  arches,  For 
bending  to  be  eliminated  throughout  an  arch,  the 
lines  of  thrust  must  coincide  with  the  arch  axis, 

•  A  masonry  arch  may  consist  of  brick  coursework 

or  individual  stone  voussoirs. 
s  Alternating  soldier  and  rowlock  courses 
■>  Two  or  three  rowlock  courses 
j  Skewback  is  a  stone  or  course  of  masonry 

having  a  sloping  face  against  which  the  end  of  a 

segmental  arch  rests. 

-  Keystone  is  the  wedge-shaped,  often 
embellished  voussoiratthe  crown  of  an  arch, 
serving  to  lock  the  other  voussoirs  in  place. 

/  Voussoirs  are  any  of  the  wedge-shaped  units  in 
a  masonry  arch,  having  side  cuts  converging  at 
one  of  the  arch  centers, 

*-  Crown 

•*  Extrados  is  the  exterior  curve  or  boundary  of 

the  visible  face  of  an  arch. 
■'  Arch  axis 
•<■  Intrados  is  the  inner  curve  of  the  visible  face  of 

an  arch;  soffit  refers  to  the  inner  surface  of  an 

arch  forming  the  concave  underside, 
■*  Spring  is  the  point  at  which  an  arch,  vault,  or 

dome  rises  from  its  support. 


A  jack  arch  has  a  horizontal  soffit  with 
voussoirs  radiating  from  a  center  below, 
often  built  with  a  slight  camber  to  allow 
for  settling. 


Skewback  ]lf  per  fool  of  span  (1:24)  for  each  4" 

(100)  of  arch  depth 

Camber  =  Va"  per  foot  of  span  (1:100) 


Superimposed  floor 
or  roof  load "~ 
Wall  load  area  for 

lintel  ^\ 


<7  -4-  4-'  "4?* 


•  Concentrated  load 
/•  Floor  load    m„,.^' 


Opening 


45° 


•  Arching  action  of  masonry  above 
opening  supports  wall  load 
outside  of  load  triangle, 

Loads  on  Lintels 


Lintel  carries  less  wall  load 
than  normal  load  triangle, 


Lintel  must  carry  an  additional 
load  if  a  concentrated  load  or 
floor  or  roof  loads  fall  within 
normal  load  triangle. 


Horizontal  thrust  from  any  arching 
action  must  be  resisted  by  the  wall 
mass  on  either  side  of  the  opening, 


Steel  Lintels 


Clear  Span 

Exterior  Angle 

Interior  Angle 

8"  (205)  wall 

(no  floor  load) 

(floor  load) 

4' (1220) 

3  J/2  X  3  J/2  X  5/is 

3-1/2  X  3-]/2  x  "lw 

(90x90x6) 

(90x90x5) 

5' (1525) 

5J/2  X  3 J/2  X  5/l6 

5  x  3  Jlz  x  5/io 

{90x90x&) 

(125x90x6) 

6' (1630) 

4x3J/2X5/l6 

5  x  3-V2  x  % 

(100x90x6) 

(125x90x10) 

Confirm  with  structural  engineer 
Limit  deflection  to  Vsoo  of  clear  span. 


6"  (150)  minimum  bearing 


Steel  Angle  Lintels 


Lintel  may  be  visually  articulated 
with  a  soldier  course,  *\ 
Flashing  N^**^ 

Interior  angle 
Exterior  angle  kj   |    I 


Reinforcing  steel  fully  embedded  in 

portland  cement  grout 

Four  to  seven  courses  high 

b\  10",  and  12"  (205, 255,  and  505) 

widths 


ieinforcing  for  Lintels  in  1"  {205 J  Masonry 


Lintel  type 


Clear  span    No/size 


7-5/d"  (195)  square 

4!  (1220) 

4  #5 

reinforced  concrete 

&  (1630) 

4  #4 

&  (2440} 

4  #5 

6x6x16 

4(1220) 

2#4 

nominal  CM U  lintel 

&  (1630) 

2  #5 

&  (2440) 

2  #6 

•  Confirm  with  structural  engineer 

6"  (205)  minimum 
bearing  on  solid  or 


%tr 


fffflffpti 


j  Masonry  Lintels 


Jte  Lintels 


Lintel  or  bond  beam  block  wl 
portland  cement  grout  fill  and 
reinforcing  steel 


Precast  reinforced  concrete 
lintels  may  be  used  to  span 
openings  in  both  brick  and 
concrete  masonry  walls. 


uvm:mn  *  tmnw,  amms 


Movement  joints  should  be  spaced  every  100'  to 
125'  (30  to  3#  m)  along  unbroken  wall  lengths,    - 
and: 

(1)  At  changes  in  wall  height  or  thickness 

(2)  At  columns,  pilasters,  and  wall  intersections 

(3)  Near  corners 

(4)  On  both  sides  of  openings  >6'(>1550) 

(5)  On  one  side  of  openings  <  &  (<1c330) 


Masonry  materials  expand  and  contract  with 
changes  in  temperature  and  moisture  content,  Clay 
masonry  units  tend  to  absorb  water  and  expand, 
while  concrete  masonry  units  usually  shrink  as 
they  dry  after  manufacture.  Movement  joints  to 
accommodate  these  dimensional  changes  should  be 
located  and  constructed  so  as  not  compromise  the 
structural  integrity  of  the  masonry  wall. 


Cavity  wall 

Premolded 
compressible  joint 

filler 

Adjustable  rneta  I 

ties 

Backer  rod  and 

sealant 

Metal  ties 
Joint  sealant 
Premolded 
compressible  joint 
filler 


Brick  masonry 
expands;  joint 
closes  slightly. 
See  7.45  for  sizes 
of  movement 
joints. 


Copper  waterstop 
w/ anchor  tabs 
backer  rod  and 
sealant 


Expansion  Joints 

Expansion  joints  are  continuous,  unobstructed  slots 
constructed  to  close  slightly  to  accommodate  the 
moisture  expansion  of  brick  and  stone  masonry 
surfaces.  Expansion  joints  should  provide  lateral 
stability  across  the  joint,  and  be  sealed  to  prevent 
the  passage  of  air  and  water, 


Mortar  fill 
interlocks 
adjacent  wall 
sections. 
Building  felt  on 
one  side  to  break 
bond 

6ash  blocks 
Preformed  gasket 
Rake  joint  3/4"  (19) 

and  caulk, 


Concrete  masonry 

shrinks;  joint  opens 

slightly. 

See  7.4ft  for  sizes 

of  movement 

joints, 


Control  joint  block? 
Backer  rod  and 
sealant 


Control  Joints 

Control  joints  are  constructed  to  open  slightly  to 
accommodate  the  shrinkage  of  a  concrete  masonry 
wall  as  it  dries  after  construction.  Shrinkage 
cracking  can  be  also  controlled  by  using  Type  1 
moisture-controlled  concrete  masonry  units  and 
reinforcing  horizontal  joints. 

Control  joints  should  be  sealed  to  prevent  the 
passage  of  air  and  water  and  interlock  to  prevent 
out~of  plane  movement.  Joint  reinforcement  should 
be  interrupted  to  allow  in-plane  movement, 


Movement  joints  are  also  required  to 
prevent  the  deflection  of  a  steel  or  concrete 
structural  frame  from  placing  stress  on  a 
supported  masonry  wall  or  panel.  See  723. 


Control  Joint  Spacing 


Vertical  Spacing  of 
Joint  Reinforcement 


6"  (405)       8"  (205) 


Wall  length  (L) 
L/H  ratio 


50'  (15  m) 
3 


m  (10  m) 

4 


The  wall  sections  on  this  and  the 
following  two  pages  illustrate  how 
concrete,  steel,  and  wood  floor  and 
roof  systems  are  supported  by  and 
tied  to  various  types  of  masonry 
bearing  walls.  The  bearing  mea  of 
masonry  should  be  proportioned 
so  as  not  to  exceed  the  allowable 
compressive  stress  of  the  masonry 
material.  AH  floors  and  roofs 
that  provide  lateral  support  for  a 
masonry  wall  must  be  secured  at 
least  &  (1550)  o.c.  with  anchors 
embedded  in  a  reinforced,  grouted 
structural  element  of  the  wall. 


jom-m 


mm. 


Wood  rafters  or  joists 
Pressure-treated  top 
plates  anchored  w/Vz" 
(15)  0  anchor  bolts  §  no 
more  than  &  (1550)  o.c. 
Embed  anchor  bolts  at 
least  15"  (300)  into 
grout-filled  cells  or  weld  to 
bond-beam  reinforcement. 
Metal  lath  to  support 
grout  in  CMU  cells 


Minimum  bearing  length:  4"  to 
&  (100  to  150)  for  K  series 
joists;  6"  to  12"  (150  to  505) 
for  LH/PLH  series  joists 
Secure  every  joist  to  a  steel 
bearing  plate  anchored  in  a 
continuous  reinforced  CMU 
bond  beam;  see  4,21, 


Concrete  masonry  units    ■ — 

(CMU);  C5I 04  22  00 

Concrete  Unit  Masonry 

Horizontal  joint  reinforcement 

vertically  spaced  #18"  (405) 

o,c.  typical 

Vertical  reinforcing  bars  in 

grout-filled  cores 

See  7.44  for  thermal 

insulation  options. 

See  5.21  for  lintel  options.  ^_ 


Surface  bonding  consists 
of  laying  concrete  masonry 
units  dry,  without  mortar, 
and  plastering  each  side  with 
a  surface  bonding  compound, 
a  cementitious  compound 
containing  short  glass  fibers. 


Wood  floor  joists  J 

Metal  joist  anchors 

Minimum  5x5  ledger 

secured  w/  bolts  as 

required 

Fill  CMU  cells  w/ grout. 


Rowlock  sill    "~~~~ 
Continuous  flashing  and 
weep  holes  ~_ _, 


Flashing  and  weep  holes  § 
32"  (315)  o.c. 

2x  pressure-treated  sill 
anchor-bolted  to  grout- 
filled  cells 
Wood  floor  foists 


Widened  CMU  foundation 
wall 


Wood  floorjoists  with  firecut 
ends,  angular  cuts  that  allow 
the  members  to  fall  without 
damaging  the  wall  if  they  burn 
through  somewhere  along 
their  length. 

1J/4"x3/i6"  (52x5)  twisted 
steel  strap  ties  §  6'  (1030) 
o.c.  maximum 
5"  (75)  minimum  bearing 
Grouted  CMU  or  reinforced 
CMU  bond  beam 
Secure  joists  parallel  to  wall 
with  steel  strap  ties  §& 
(11550)  o.c.  maximum;  extend 
to  at  least  three  joists  and 
provide  blocking  between 
joists  at  each  strap  anchor. 

Composite  masonry 
Facing  wythe;  CSI 04  21 00 

Clay  Unit  Masonry 
Backup  wythe;  C5I 04  22  00 

Concrete  Unit  Masonry 
3/4"  (19)  collar  joints  typical; 
fill  with  mortar  or  grout. 
Metal  waif  ties  i  16"  (405) 
o.c.  typical 
See  7.44  for  thermal 
insulation  options. 


Concrete  Masonry  Bearing  Wall 


Composite  Masonry  Bearing  fill 


iASOl 


N   :  •     k-  e'^jM  ; 


Wood  rafters  or  joists 


!  lashing  with  veep  holes 
@  2'  (610)  0£,  typical  .— 
Steel  atif  lelinl  i  >e<  5,21 
for  lintel  options.  .. „ 

Rowlock  sill;  15°  slope 

minimum  * — — 

(,  n1  mo  s    1 1  »hlf  ;   ith 
weep  holes  ,.._^ 


See  5,17  for  cavity  wall 
,  ,;•  i   m<  i1 
2"  (51)  net  minimum  cavity 

width  • - - — - 

Mi    ;  .  II 1      aerticall 
spaced  #16"  (405)  o.c. 
typical;  adjustable  wall 
tie    \\\ov  <  rmi:  iligned 
bed  joints,  .,.., 

Rigid  them  ilii  !il  itionmay 

be  placed  in  the  wall  cavity, 
inserted  ii  ■    hei  sill  cores, 
or  secured  I  >thi  nti  riorfac 

of  the  bacl  |       hi   

See  7, 1-4. 


Flashing 

Mortar  fill - - 

Weep  holes  #2!  (610)  ox 
I  ''5s  (minimum 
Ii  ib   i,.  ,  s  rp    -  m 


Si 


2x  pros; 

Vx"  (13)  0  anchor  bolts  # 
6j  (15330)  o.c.  maximum, 
. mbedded, !  1  . '••<  I'1" (3. >0) 
into  masonry  and  welded  to 
a  5"  x  6"  x  74"  (75x455x6) 
steel  plate 


Wood  floor  joists  with 
firecutends  ^ 


x-  1J/4Ilx3/i6"  (32x5)  twisted 
steel  straps  §  &  (1630)  o.c. 
maximum 
N  3"  (75)  mini mu i  !>  i  ing 
N  '  >r  uted(  MUorba  rid  b  u 


<  oni  *<  if  c  oun ;-  ii! .  >e<  '«!' 

V?"  (15)  expan  ion  joint        /' 


—  Reinf  reed  concretf  foundation 

wall 
*-•  f  i  r,':  if  i  rim  ulation 


i  ■  J 


Masonry  parapet 

See  7.19  for  coping  mdfla;  hii  ) 

Open-web  steel  joists 


Minimum'-    ri  \§\t  igth  l"io6" 
(100  to  150)  for  K  series  joists; 
6Ho  12"  (150  to  505)  for  LH/PLH 

if    joisl 
>  <  un  ■  v  ryjoi  >1  to     U  e  bearing 
plate  anchored  in  a  continuous 
■einforci  l(  xlUb  m  b<  i  n;  «       'I 


recast  con     tesill  Ml  idrip 
!   .  hi  itjwitl  '  ei  phi  Ii 
Metal  wa I  i 

Pi     istholloi  labs-,. 

Fill  with  grout  \ 

; ,   <i  dam 


<    iretii 


ine  itr 


Minimum!  taring  I  igth  i1  i  i 
Visooflhf  cleat  span  but  not  less 
than  2"  (51) 

Grouted  CMU  or  bond  beam 
;     ,  ii:  o  1-.13 


-. 

j 

I     a 

I      ;' 
I     _  i 

?  Mel  il  decking  with  i  w,  n  efill 
see  4.22  -\ 

!"',-.'.•..-'...  \      ;,./.  5.-  ,-■ 

'\                     ,/              ^X                     /T        ' 

Open-web 


ivit]   Seoiieg  Wail 


Cavity  Bearing  Wall 


Wood  rafters  or  joist 


•  0    .      I    teeljoisl 


I  f*4  <™^  -jfet*^c^^rf#^ 


2x  top  plate  w/  V2"  (51)  0  anchor 
o.c,  maximum, 
embedded  t1  I  i     IS"  (550) 
into  masonry 
Reinforced  bond  beam 
Portland  cement  grout 
\  i  ;i<  ilrei  ri  n  na  n 


Minimun  '      ig  length;  4"  to  6" 
(100  to  150)  for  K  series  joists; 
6"  to  12"  (150  to  305)  for  LH/DLH 

»eri     ois 

Seen  e  every  joist  to     let  Ibeai  n , 
plate  anchored  in  a  continuous 
rei  <>'  reed  bond  beam   et  al  <e  I-.21, 


Wood  floor  joists 

M  i  iljoi  -  mchor:  §  I  (1  ISO) o.c 


• m  is1  holloi    on  slal 

id   '     d  '      nto  topping  ( 
,  -outedki  /  :.'.  1  it    oanch  i   ,  ' 

units  to  wall. 


Minin  urn  3x8 1<  g  1  st  wedwl 

boits  as  required 

ti    beamw/l    "u!i 

reinforcement 

Corbels  are  permitted  only  in 
olidwal       !       12"  (i    S)thi 


Mil  1  i umbs  iringl  ngtb  a  1  as 
'/isoofthi  1 1    ■   pan  but  not  less 
than  2"  (51). 
Neoprene  bearing  strip 
Reinforced  bond  beam 
See  also  4,13. 


M    im  im  to1  lproje<  ti  >ii  = 
V4  wall  thickness 

,'•',    "    op  ours. 

1"  (25)  maximum  projection 

#eachcoun  t. 


Vertk  •    i  n        ito    laps 
3t    \do\      i    it- wall  to 
1  incn  U    md  ition 


Rigi  iplastii   ■   ni  in  mlationmay 
'«    «-       I      hi  im    '  or  outer 

face  of  wail. 


See  5.1ft  for  reinforced  masonry 

.      I     <">,,!, 


Reinforced  Brick  Masonry  Wal 


(einforced  Concrete  Masonry 


m&rmtu  ivmw 


/■   tiei    icoml  nuoi    '  rtii  i! 
section  of  a  masonry  wall  one 

unit  in  thickness.  - - ""'"" 

Course  is  a  continuous  horizontal 

range  of  masonry  units,  * — — 

s   II;  i  joinl  ;•    h'   .    icalj     I 
between  two  wythes  of  masonry.  - 
Bed  joint  is  th  hori    ntal joint 
between  two  masonry  courses.  — 
rheti      bed  nayn  ferl     ! 
in  I  n  u  e<  famasi    yuiiil  or 
to  the  layer  of  mortar  in  which  a 
masonry  unit  is  laid. 
Head  joint  is  the  vertical  joint 
between  two  masonry  units, 
perpendit  ul  it  tothi  ( i<  e  of  a  wall. 


Masonry  Terminology 


-  Strel  I.  risa  nasonryuni  i  ltd  hori;  m!  illy  with 
the  longer  edge  exposed  or  pai  illel  to  the  surface. 

■^  Header  is  a  masonry  unit  laid  horizontally  with  the 
shorter  end  exposes  or  parallel  to  the  surface. 

-•  Rowlock  is  a  brick  lad   rorizontal!  on  the  longer 
(  t  \e\  ithth<    hortei  -  ndi  po    d 

)  Soldt  risabri  ;kl  lid  vertically  with  th^  longer 
.  dqt  '  ii    expo  ed 


Concm 


Weathered  Joint 


•  Mortat  ■•  in t:  vai  ,  in  thii  knessfrom 
Vs"  to  Vs"  ((  to  15)  I      i     'pica  II 
;       :V  (10)  thiol 

h •    \o(   ■'"'•'    iremorl  irjoinl  »c<  mpressed 

I       and  i  j    I  wit!  ,  ny  to  I  itherthana 
troi « I  to  i|  ngi  mp         «th(  n  orl  11  and 
for* .    ii  tigh  •    igainstthebi   I  mi  •  • 
\       pn  idingi   i  imumj  rotei  i<  n  ig  lin     ■  rl  i 
I       pen;  ti  itioi  in  - 1  is  m  jecttohigh  wind  >o 
;       heavy  rains. 


♦  2-^"  (6a)  units; 

5  courses  =  13"  (205) 
"*  Modular 
-*  Norman 
<>  SCR  brick 


3J/5"(&0)  units; 
5  courses  =  18"  (405) 
Engineer 
Norwegian 


struck  Joint 


•  Flush  joint 


if    led  join     in  fin  he,        trikingi  fi 
excess  mot  I    "  tha  trowel  In  troweled 
joint    si    n<  if  ii  iscutorstrucl  off  with 
i  trowel,  tl    most « Ffe<  tiw  o\  th<  ei  th 
weathered  oin  b<     u    it  iheds  water. 


I  ike '  joinl  -  -m  \dt  by  removing  mc  I  irto 

given d  p  I    itha  qi    <  edge  Its   Ibefon 

ha  dt  -Him.  oil  d  joints  an  for  interior  use 

only. 

For  mortar  typ<  >,  see  5,15. 


Mortar  Joints 


!"  (51)  units; 
4  courses  =  #"  (205) 
Roman 

4"  (100)  units; 

2  courses  =  6"  (205) 

Utility 


•  Relative  course  heights  are  nominal  imen  o     thai  include  the 
thickm  •  >o\  themorl  ii  joinl  . 

-  For  lengths,  use  multiples  of  4",  b\  or  12"  (100, 205,  or  305) 
9  Forbricl  !  /p  :     id  m  ,  set  12  06, 

•  Wall  thicknesses  vary  with  the  tyj    of  masonry  wai  see5,14    >.15 
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Running  bond,  commonly  used  for 
cavity  and  veneer  walls,  is  composed 
of  overlapping  stretchers. 


Common  bond  has  a  course  of  headers 
between  every  five  or  six  courses  of 
stretchers;  also  known  as  American  bond. 


Stack  bond  has  successive  courses  of 
stretchers  with  ail  head  joints  aliped 
vertically,  because  units  do  not  overlap, 
horizontal  joint  reinforcement  is  required 
§  16"  (405)  o,c,  in  unenforced  walls. 


Flemish  bond  has  alternating  headers  and 
stretchers  in  each  course,  each  header  being 
centered  above  and  below  a  stretcher.  Flare 
headers  with  darker  ends  are  often  exposed 
in  patterned  brickwork. 


Flemish  cross  bond  is  a  modified  Flemish  bond 
in  which  courses  of  alternate  headers  and 
stretchers  alternate  with  stretching  courses. 


•  Flemish  diagonal  bond  is  a  form  of 
Flemish  cross  bond  in  which  the  courses 
are  offset  to  form  a  diamond  pattern. 


Garden-wall  bond,  used  for  lightly  loaded 
boundary  walls,  has  a  sequence  of  a  header 
and  three  stretchers  in  each  course,  with 
each  header  being  centered  over  a  header  in 
alternate  courses. 


English  bond  has  alternate  courses  of 
headers  and  stretchers  in  which  the  headers 
are  centered  on  stretchers  and  the  joints 
between  stretchers  line  up  vertically  in  all 
courses. 


•  To  minimize  the  cutting  of  brick  and 
enhancing  the  appearance  of  bonding 
patterns,  the  major  dimensions  of 
masonry  walls  should  be  based  on 
the  size  of  the  modular  units  used. 


;IRU<  rUPA!  KIM  IP 


;    I    j ; 


I  ! 


Stretchers  * 

Corn  i   an<  j  nibs  -""" 

Sills  and  caps 

Cove  bases 

Consult  manufacturer  for 

specific!  j'"    sizes  colon 

mdn  in?  id  ti  < 


iTshai     have  noniin  il 

5J/3"x  12"  (155x505)  faces. 


hav  ,s,;,    ■ 
8     16"  p  ''      05)  faces. 


54"  (405) 
Nominal  di  n  nsion 
in,  u     th  thi  i       ■<•' 
h<  mor]  ii  pit  bs 


Structural  clay  tile  is  hollow  tile  of  fired  clay  having  parallel 

cells  or  cores  and  used  typically  in  constructing  walls  and 

partitions. 

'  LB  Grade:  loadbearing  structural  ciay  tile  suitable  for 
masonry  walls  not  exposed  to  frost  action,  or  in  exposed 
ma  ionry  where  prote<  ted  by  a  facing  of  5"  (75  mm)  or 
more  of  stone,  brick,  terra  cotta,  or  other  masonry. 

*  LBXGradi  loadbi  iring  structural  clay  tile  suitable  for 
masonry  walls  exposed  to  weathering  or  frost  action, 

Drui  ■!-  il  i,   ing  til<  is  >trui  tu  id  lay  til  having  igbi  d 
»urfac  and  used  foi  f  i<  in  j  \  nl  >md\  rtition  ,,  peciafly 
in  areas  subject  to  heavy  wear,  moisture  problems,  and 
strict  sanitation  requirements. 

*  1  fS  Grade:  structural  i  u  ing  tile  suitable  for  exposed 
ext;  rioi  in  lints  norma  >onn  wall:  end,'  irtition  ■  wh;  i 
nodei  rt(  lbs*  rptiot    >■;  jhl  v  iriationinf  i   dim<  n  >ii  ns 
minor  defects  in  surf  icefinish  and  nedium  color  range 
are  acceptable. 

*  FTXGrad    si  mm  ,  »tru  ti  i  ilfacingl  \t  ?uit  ibi< 
foi  <  (posed  <  (1  :ri«  ra  id  in  •  ri<  'm  i  onrywatlsa  J 
partition:  vh  r<  lowab  •  >rp  i  in  an  h  tainresi  tance 
arereqnin  I  ind   h  n  ihig  idegt     • ,  mechanical 

p    - !  tii  n,  nil :  n  n  ic  ri  iti(  i  in  fa    .'  n  i  n  i?  n  ,.,n ! 
nam  wa !  n    m  ,    is  de:  il  d 


A"  (250) 


7-3/4"  (200) 


3/4M  (145) 


r  3-3/4"(95) 


0"  (255)  Cavity  Well 
4"  (100)  inner  wythe  of 
structural  I  ii  ing  tile  w/ an 
outer  wythe  of  brick 


'  (205)  Wall 
Two4'(100)wythes 

w/  metal  ties 


lypicai  Wall  Sections     •  Forgei  raimasoni    -  llrequii  merit:    ^5.14-5.17. 


6"  (150)  Woil 

•  A  single  6"  (150)  wythe  or  a 
2"  wythe  and  a  4"  (51  and  100) 
M't'i.  w/  netaltie:  ea<  I  U( 
may  have  a  different  color. 


V  (100)  Wall 

•  A  single  4"  (100)  wythe  or 

two  2"  (two  51)  wythes  w/ 
metal  ties 
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)\a>.    bbi    ••  islucen    !   '■ ,':  >  I  "',.-  ■■  •  witl 

cli  ir,  i  -  ured        il      ie<      es,  made!        ' : ,  '  • 

halves  to-,,, ;!,  j  ,  •  ■■  ,i  uriiinsi  i  iss block 
may  be  use!  in  mloadbearin  terioi  id  interior 
walls, and.  conven  II  i  do\  enin§s,Tbe 
glass  blo<  k  units  are  I  inTypi  rl  <  I  mortar  with 
joints  at  least  W  (6)  but  not  more  tl  '  I  10 )  thick. 
/picalh  ,!  <  i  ;  ■.!  tared  at  tl  ill  si  pportand 
provided v  hex]  ision  >in  [length  pand  id  ■  to 
allow  for  movement  and  settling, 


mi    IFa<    Din  i 

6"  x  6"  (150x150) 
ft"  x&"  (205x205) 

12i!x  12"  (305x505) 
4"  x  5"  (100x205) 

Various-  uri  cetextu       i  mailable  as 

veilasinserl    im     ■    :  ;•  o control 

hi  i1  jain  I  '    indl  r'u  hi  i<  .. 
i|  ;<  i  il  nd  >••]<•  \    rblo   •    i    iiso 

available, 


La    •  ;    ipporl  pro  d   I 

■   neh   -  hoi  <o  by 
continuous  channel    — ~ - 

D  tail  at  h     land  jambs 
should  allow  foi  novement 
and  settling   —  — • 

1    i  ,    i  hoi   ■  i  ens  d  co 
adja<    il  C(  n  brus  tion 
•  n  -if!  hi  rizo  i  Ijoinl 
f  infos    nenl  is  n  qi  ii  i 

Panels  an  v  ignedtobe 
mori  I-  latthei  sills.  -•■ 


4"  (100)  nominal  thickne  s  for  standard  units 
3"  (75)  nomin  ilthicknes  foi  thin  units 


Exterior1,    nd  ird  ui    p  in  I  >  may  not 
exceed  1    bsf (15 rn  (in  in  upported 
area  with  a  maximum  width  of  25' 
(7620)  or  height  of  20!  (6095);  exterior 
thin-unii  p  n  I  m  in       .    ?dSSsf  (7 
m2)  in  unsupported  area  with  a  maximum 
width  0)  I:   (45/    |  or  I  ighl  of10; 
(5050), 

interioi  51     \i   I  u  ii     rii  I  \  may  not 
exceed  250  f(2     \l)  in  unsupported 
area:  intei  >i  thin  unit  pan<  k  m  i\   ol 
I150sf(1       i  ,  !  >    ipj        ! 
area,  Nea  n.  rmayhav     width  gn    . 
than  25  (7<    0)«  rheh  h  ( reatei  than 
20s  (6095), 

calstiffenei    ,  dhori  ontal 
i  i  *-  *     n  i        ■   ,  ,     ill  ireas  into 
i  ,      ,,!"    ipa    i  ;    . 

/  'aim     ,  ■ 
5/s"(16)ou    d   oin1 


Minimum    idii 

•  '    (150)  gl        b '  4(12 

•  ft"  (205)  glass  block:  &  (}i 

•  12"  (50  ,         i  lock;  ft1  (. 


<    i  .  iels  should  I 

,.     m  j<  inl       each  cl 
of  direction. 
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S.30     *$P.Aftf  PMXK 


Structural  steel  beam 
or  channel 


Steel  angles 

Backer  rod  and  sealant 

Allow  for  deflection: 
:%"  (10)  minimum 
Expansion  strip 

/ 

1"  (25)  minimum  lap ' 


i  a 


y  Steel  channel  anchored 
■    to  lintel  construction 


backer  rod  and  sealant 

Allow  for  deflection; 
°Idn  (10)  minimum 
Expansion  strip 

1"  (25)  minimum  lap 


Wood  or  metal  stud 
lintel 

Casing  trim 
Solid  blocking 

Sealant 

Panel  anchors 
Expansion  strip 


Head  Section 


Head  Section 


Head  Section 


Panel  anchors  extend 
into  wall  construction 


Sealant 
Expansion  strip 


Steel  channel  anchored 
to  wall  construction 


Backer  rod  and  sealant 
Expansion  strip 

1"  [251  minimum  lap 


Wood  or  metal  stud 
framing 
Solid  blocking 
Casing  trim 

Panel  anchors 
secured  to  jamb 
Expansion  strip 

Sealant 


Jamb  Section 


Jamb  Section 


Jamb  Section 


Mortar 
Asphalt  emulsion 

Concrete  sill  or 
masonry  base     * 


Horizontal  joint 
reinforcement 
Galvanized  dovetail 
anchors  welded  to 
steel  tube  or  column 


Expansion  strip 

Allow  for  differential 

movement;  5/s"  (10) 

minimum 

Backer  rod  and  sealant 


Mortar 
Asphalt  emulsion 

Steel  shelf  support 
Packer  rod  and 
sealant 

Allow  for  deflection; 
%"  (10)  minimum 
Provide  lateral 
support  with  1"  (25) 
minimum  lap  or  with 
panel  anchors 


Siil  Section 


Vertical  Stiffener 


Horizontal  Shelf  Support 


If  picil  Glass  Block  Details 


dt     m       rimed     rth    nstructii  i  both  use 
mfire.        bilized    j,  h       1    pri  nary  I  i"<  ling 
i ei    building codei      /in their 

c  p     ,    -i  ndi   ji  ii  men     o\   d  )b    n  I 
ai  mi  '     rth  construction  How >  i  the  use  of 
ea   ha    i  building  ma1     ili<    i     momii  no      ii 
n  m  nyareasofthi     n  both  adobe  n 

a  mm  i '   ,  i  '  i    lainlow-cosi    Iternat  as  building 

•  ems, 

Adobe  is  sun-dried  lay  mason     traditionally  used 
in counti    -with!    I     id «;    Im  rtany    )iih    m 
,  !  «'<  to;    Ida  <conten1  ,i  -  <!    i  cdfoi   hi  mm 
mixti       oils  with;  higher* :  ly  ontent   ,  \    qui . 
tempering  wh  u  md  i  tow  ton  ike  atisfactory 
bricl    o  welo  other <    i  ,<-  \,,m(,  temayrt  5  !  > 
1  ■/  o\  th<  durm    f  the  mix.  1     mixing  watei   ho  il< 
notcontain  i    '  '  (    ilts  ivhii  hi  n  ro  y    illizi 
am   "i  s  igetl    brick  i  pon  drying 

Adobe  bricl  isty|  icallj>  m  d<  c  i  the)  oint  of  use 
itli  oilo  '1  ;  led  fi  >mth  exi  v  '  on  >fba:  mont 
or  from  si  rplu  soil  from  .itegi    lino;    he  mud  is 
nfxei    yl  -  I  or  »  mecm  ni<  I  mean     id      tin 
wood  or  n  I  il  form     filch  i  e  ot  on  level  ground 

idwetl  id     hw;     -to,  id  eparal  m  >1  '    units 
After  initial  irying  the  unit;  ire;  ai  kedonedg  until 
fully curod  the!  rickuni  >a  ;extr    iely  Fragile  until 
completely  dry,  ^/\ 


Parapet fl    hinoj; s  el 20, 

Built-up  I.-   fingo     rifdinsu    ion       7.14. 

;  ni    j   n   groov    lei  line 


■  ■  o  l    n    "    ,  i     hetra,  itii  n  I;    ma,  i  hei 
•     m:     pporti     the  i    fin  adobe  con     ucti  >n 
Continuou    „>  di  <<>■  oik  i  I    bond  I    im  at  least 
'(1  0)deep     nforce  concrete  I     m  with  two 
i  m  i  ti  ii  urn 

(   \\  mizedm  rl  i  Ffai  hint]  ii  n  [iiired  by  head  detail 
Rmbei     rei  fo   ..-  c<  i  n  i    linl  i 
i"  I  30)!  ii  in  umb 

Wood  nailing!  Is  !    i    iaidu[     tilth  wall  for  the 
tt  h  len  oi    *0!   ndwi  ii  ov  ,  ii  • 

Brick  tile,  or  /oo  i*  ill  with  pc  itive  Ir,  in  ig< 

4H  (100)  concrete  sill 

Adobe  bit-  >  in  laidwi  hmorl  i  made  of  the 

i  ii  a;  it<  ial  witl   ull  ilui  h  ji  inti  owl)  u  thii  I . 
i  *.    oarytc    o  mmodatt  irregul  iriti<  «i  i  ;,  :b  ck 
unil     lyp  i    5,oi  I  mortar  ma^   Isobi  ,!  *ed 
'    100)  t  inii  urn  I  n  lined    ftl 


'  i  !ii  len  on  oi  dobebrickva    aca  dim  i  i 
locale,  bu       mimo    >ize  is  10"  (2i         ''  (  >  >  a 
x  2"  to  4"  (51  to  100)  thick.  Thinner  bricks  dry  and 
curefastei    i  n    lie  er  bricl       i<  h  buck  can 

-ic  '"  '     ><    /!(    -mcr  (11  ti    Id  Sj; 

5    bilized  (      eal      0,  fe  on1    i       sd  n    un 
i  I  ?ortland  <  m  ,     isphaH  emi  Isiom  and*  h 
chemical  t  >n  pot  nd  d   limi  th«  vatei  il    >i  >ti<  i 
of  the  bricks. 

Al  •'     leload     '    -       pportedadi    j  columns 
10!  (5050)  bight 

•  10"  x  26"  (255x710)     12,000  lb.  (5400  kg) 

•  14"  x  20"  (35         >)     1  II       ^00  kg) 


Alluntre  tedi      rioi  o  Ii  ••  hoi !  Ibi  pi  steredon 
theoutsi  I  wil  ipi  5  indi  <  n<  ntsti  c<    tie,   i 
3/4"(19)  thicl   o  ro1    t  against  di  ei  oration  and 
b:     /  ...  ingti  di      a  il    i  o  in  iacros  thi 
wall:  m.'  ice 
(  ilva  In  Ime1  h  ire  nosh  i   nl  >rc   n  i 

Interior  piastei 


le<  i  ni  ;lkey 

Moisture  barrierto  prevent  the  rise  of  capillary 
moisture 

nd    ii      il     I  mid  'eatle.      i      id  isthe 
':    hey  supporl 
'"i    i) minimum abovi    ,    I    i    , 


See  5,52  for  general     ,d    nei      j      nine)  both    lobe  and  rammed    irth  construction. 
LEED  MR  Credit  5;  Regional  Materials 
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Rammed  earth    Isocall    pise  d  •  rn      mother  traditional 
building  material,  It  is  essentially  a  stiff  mixture  of  clay,  silt, 
sand,  and  water  hat  is  i    npressf  iat  1  dried  within  forms  as 
a  wall  con  tru<  ioi   fhesi  Im  (  ure  mould  conl  lin  ess  than 
50%  clay  and  silt,  and  a  maximum  aggregate  size  of  VV 
•altwa  et  ih<  i  Idnevei  b  u  >edii  '!,*  i  ii 


Ad<  be  and  rammed  earth  have 

lowtensilf  strength  but  a 

i  oni|  res  iV  ■  ti  rifthoi  tOOpsi 

(14  kPa)  or  more. 

The  strength  of  adobe  and 

rammed -earth  construction  lies 

in  the  mass  and  homogeneous 

i  i tun  ol  thi   '  ill 

While  not  as  therm  iy<  ffici  n1 

a-  othei  in<  ilat  i  \m  teriais 

adobe  mdi  im  ned  'nth walls 

serve  effet  iv    >    •  V  an  il  mass 

for  heat  storage. 

LEED  MR  Credit  5:  Regional 

Materials 


r -  — 


Rammed-eartl  walls  in  •  instructed  with  slip  forms  24"  to 
56"  (810  to  915)  high  and  10'  to  12'  (3050  to  3660)  long, 
Ct  rn;  :•  n   formed  fir  A  witl  spei  i  il  form; 
The  damp  soil  mixture  (approximately  101  moisture 
conti  i  M  fully  compa<  ted  by  h  indoi  n<   hanicaily  in  lifts 
or  layers  not  moi    than  <    (150)  high  b  '.  n  Ik  next  lift  is 
placed  i  i  h  lift  should  bond  securely  with  the  preceding  lift, 
1,1 1 1  tut  ill  id  ii  innol ;  i  placed  unt   thi  earth  has  fully 
Iried  md  cured, 


'. ,-  al  Requirerm   f$ 

•  Retjuin  n<  nt:  foi  idobi  indi  mrned     i  hcon;  i no  tion 
are  similar. 

-  f3ondb  ret    mired    wlistribul   ro<   loads  and 

«  il  ili    4i'  topsoi  bearing  wail    i  -wd  i;   i1  ea<  h  floor 

I     I  rid  I '  in1  v"  • i  *  :  i     ! 

thicknes  .    ■  un  supported  \  II  height  ratio. 

-  Bond  "•  ii     shoi  me.  «  i  ifi  n  ed  sgain  I  I  m  ion 
especiall    i1  corners. 


j  Wood  anchors  foi  rtta  hing  looi  md  window  fi  imes  in 
<    il  vil  « '  i     irth    ill 

•*    n  und  found  <m  msand  mi;  Ii  ro<   .  verhang  thai 
j  roi  cti   terion  !all   fi  mi  aini  nprweth    -  rabilil , 

of;    then  ,  ui ;  i 


inii  mm  Wall  (hi  !  n 

6"  (205)  for  Interior  nonbearing  walls 

!"(30  ojforom    mory  bearing  walls  up  to  12' (3  <6  >)high 
W  (455)  for  the  first  story  of  two-story  bearing  walls  up  to 
22'  (6705)  high  and  12"  (305)  forthe  second 


I---I 


Provide  me  ■  wall  ipports  #24  (7315)  o,c.  maximum. 
Window  and  door  opening  shouldb  \"  u  >'!han2M" 
(710)  to  any  corner. 

Thetotal  length  of  wall  op  ning:  si  >uldb<    rriited  to  Vs  of 
the  wall  length. 


Natural  stone  is  a  durable,  weather-resistant 
construction  material  that  may  be  laid  in  mortar 
much  like  clay  and  concrete  masonry  units  to 
make  both  bearing  and  nonbearing  walls,  Some 
differences  result,  however,  from  the  irregular 
shapes  and  sizes  of  rubble,  the  uneven  coursing 
of  ashlar  masonry,  and  the  varying  physical 
properties  of  the  different  types  of  stone  that 
may  be  used  in  the  wall  construction. 

Natural  stone  may  be  bonded  with  mortar  and 
laid  up  in  the  traditional  manner  as  a  double- 
faced  loadbearing  wall,  More  often,  however, 
stone  is  used  as  a  facing  veneer  tied  to  a 
concrete  or  masonry  backup  wall.  To  prevent 
discoloration  of  the  stone,  only  nonstaining 
cement  and  noncorrosive  ties,  anchors,  and 
flashing  should  be  used.  Copper,  brass,  and 
bronze  may  stain  under  certain  conditions. 


Random  rubble  is  a  masonry  wall  of  broken 
stones  having  discontinuous  but  approximately 
level  beds  or  courses.  The  mortar  joints 
are  usually  held  back  of  the  stone  faces  to 
emphasize  the  natural  stone  shapes. 


Coursed  rubble  is  a  masonry  wail  of 
broken  stones  having  approximately 
level  bed  joints  and  brought  at 
intervals  to  continuous  level  courses. 
V2"  to  I-V2"  (13  to  33)  face  joints 


See  7.50  for  stone  veneer  walls. 

See  12.10  for  a  discussion  of  stone  as  a 

construction  material, 


Squared  rubble  is  a  masonry  wall  built  of 
squared  stones  of  varying  sizes  and  coursed 
at  every  third  or  fourth  stone. 


Icandom  ashlar  is  built  with 
stones  in  discontinuous  courses, 


Ashlar  refers  to  squared  building  stone 
finely  dressed  on  all  faces  adjacent  to 
those  of  other  stones  so  as  to  permit 
very  thin  mortar  joints, 


Coursed  ashlar  is  built  of  stones  having 
the  same  height  within  each  course,  but 
with  each  course  varying  in  height. 


Broken  rangework  is  ashlar  masonry  laid  in 
horizontal  courses  of  varying  heights,  any 
one  of  which  may  be  broken  at  intervals  into 
two  or  more  courses. 


5/s"  to  3/4"  (10  to  19)  face  joints 


Rustication  is  masonry  having  the  visible 
faces  of  the  dressed  stones  raised  or 
otherwise  contrasted  with  the  horizontal 
and  usually  the  vertical  joints,  which  may 
be  rabbeted,  chamfered,  or  beveled, 
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Splayed  copings  slope 
only  in  one  direction. 

Drip  on  each  side 
1J/2"  (3d)  minimum 

i  mtei  dowel 
Flashing 


Saddle  copings  slope 
to  either  side  of  a 


( opesl  mt  >form  n  oping   hi  fi  lishing  )r 

protective  course  to  an  exterior  wail  usual 
sloped  or  curyed  to  shed  water. 


■   ip:  toi    ■'  isto  i    noldi  igus  >\^    \dr\\ 
iso    i  cornice  over,  vit  lov     .'.'  rw  y 


center  ridge, 

Two  vertis  'I  lowek 
per  stone 
Step  flashing 


Quoin  ret  rsti  me)  U  rioi  ingle 
of  a  masonry  wall,  or  one  of  the 

»ton   >orbri    •  forming  ;u     in 
angle,  usu  illyi  iff  t  utiatedfrom 

djoining  urka    by  ma  I    i  il, 
texture,  color,  size  or  pro    i    .i 


""»  Stone  i  u  ing;  \"{]00)  minimum 

-  CMUorreinfon    li  )i  ;reti  Oa  kupwythe 

-  Slush  fill  voids  for  solid  wall  or  create  a 
conti  iuou  -airspaci  for  cavity  wall 

•  Concret;  ma  b  v    erpi  >ofed  to  prevent 
staining. 

-  Noncorn  w<  m  I  i  at- .or  anchors  in 
dovetail  slots 

•  SeeZSi  I  'i    torn  veneer  walls. 
Sfooe  Masonry  over  a  lockup  Wall 


>tringi  o  irsi  ,  •  i  mo/.  n1  il  ma  onry  course 
fli ;  h  a  th  or  pi  )ji  <    ngb  /i  rid  "tl    fa«     I 

a:  u  Idin  j  )ftenm  ldedt<  ma  I  idivi  on 
in  the  wall  S  i'a  v  >urs{    •<><    I  o  known  as 
belt  courses. 


Long-and-shortworkisan 

in  ing  mt  \  <;  i  ctangi  lai  [u  -it : 

>rj  ril   l«  i.  »s<    lit  !■'  iti « ' 

i  1 1  ontally  •  idv  i    ;ally 


Water  table  i  ■  ipi  >je(  ting  stringcourse, 
molding,  or  iedg<  placed  so  as  to  divert 
rainwater  from  a  building. 

I  linthis,  i  ontinuo  i  -,u  uallyprojei  tii  g 
a  ir    -t   is-1 .  >forn  in    hi  I 

foundation  of  a  walk 


Convention  il  teel-fi  imi  trui  .  _.  11  on:  'meted  of 
hot-roll,  .i1-  .-  md  >lui  in  •  •  .  ■ :  |  >is1  md  metal 
decking, :  'in.  •  tructural  steel  is  dii  icul  ;ti  work  on 
site,  it  is  nor! ,.,! ;  i1  •  h  iped  .  nddrifle  in  fabrication 
shop  according  s  \qw  p  ifica  ioi  ,  his  n  result  in 
rel,   ivi     i       |'M    s    m      K  \o 


""••!  fr  n '.!,,!  mo  -  -  fii    »-  whi  i column    in  I  idoul 
to  support     -■•  i'  i .,!,,,'  ,      ;am   and  joists,  ~ 

'  »!um  i  ;•  sing    b    m< « girde   ipans   ' "~" — — ~ 

Orient  the  webs  of  columns  parallel  to  the  short  axis  of 
■  i,    tru<  tui    fram    rti    iirection  along     cl    •■ 
structure  is  mo:      i  -  <  re  >l<    >  lati    il  orces,  --__ 
Orient  th  flanges   ipei    letei    )lui  in > to  the 
ou1   d     )  ,  cflitj  i.  '  i    ii  i-  nl  o  curl  li  i  vail; 
to  the  In  stural  frame,  . 


■  «h» -  ■■  **f*>   ■ 


— 3r 


!  • r  i;  i  ii  ;i  to  latei  if  wind  mdsei  rriicforo  ■  requin  > 
the  use  cm  >h<  irplarx  >,diagonalbra  ing,  or  rigid  framing 

withmomei    i    isti  ig  <  i  le  tions.   —-.____ 


because  51    '    i  losestn  ne/thra]  ii  ly  in  afire,     I 
fire-rest  law  \s    nbli     )       ting     e  required;' 
seeA.12,  Inunpn  tectednon  »ml      ible  on  I  u«  ion 
steel  fre  nini        '      ft  <  posed, 
5ee4Jd  Pot         l    m    nd  floor  framing:  -sterns. 
,  e  I2.i '(     'I-,!    i    iionofsteela     construel    n 
mate  ial 


d 


fhzkf 
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I 


because  the  columns  in  a  steel  frame  structure 
transfer  the  gravity  and  lati  '  I  loads  down  to  the 
foundations^    ?m  the e>  eriot  wall    i  y  essenti,  lly 
nonloadbearing  curtain  walls. 

then    re  three  basic  re  itionship  that  may  \)t 

established  between  a  structural  steel  frame  and  the 
curtain  wall  or  cladding  it  supports. 

•  Column  in  front  of  the  wall  plane 

•  Column  within  the  wall  plane 

•  *  aim  behin '  tk  wall  plan* 

The  framing  01  panel  iofa<  urtain  wall  maybe 

supported  in  one  of  two  ways: 

-  By  the  columns  alone 

j  ^y  the  olumnsa  well  as  by  pandrel  beams  or 

the  edges  of  floor  slabs 


5tor\  beighl  ,  ill  panel  m  /be  >usp  nd<  d 
from  the  floor  above 

Altei  i  ttely  they  ma)  be  uppi  rtedon  I  he 
floor  below, 


I  I 


Wall  u  it:  ncapa  l<    i  pan  lin 

be1  eeni  lurnn    n  fi  1 1  floor  to  floor 

requires    >nd  n ,  fi  imingol  mullions 
and  shelf  angles. 

The  curtail  wall  framing  o\  panels  and 
the  supporting  structural  frame  may 
respond  did  n  nth  to  variations  in 
temperatun  aid  to  gravity  or  wind 
load    (  onne<  I  onde  ills  :>h  uld allow 
forthedifl  rei  tialmovei    nl  between 
the  wall  and  structural  frame,  as  well 
asbi  twen  the  wall  unh    thi  msek   ; 
n    vail  may  I     ubjec  tobotl  wind 

pressure  and  suction.    - — -— """'" 

If  diagonals  are  used  to  brace  the 
0  r  km  ilfram  ,  they  will  si.   s  ih 
dt  >igi  o\  the  wall  units, 

For  general  information  on  curtain  wall 
y\j  tern    see'  ,24    126 
>  glaze  I  ur1  lin  wall:  seefi  >1 


Spandrel  wall  units  are  supported  at  one  floor  only. 
For  stability,  they  may  be  braced  either: 

v»  Below  the  floor 

^-  Above  the  floor 


The  most  frequently  used  section  for  columns  is  the 
wide-flange  (W)  shape.  It  is  suitable  for  connections 
to  beams  in  two  directions,  and  ail  of  its  surfaces  are 
accessible  for  making  bolted  or  welded  connections, 
Other  steel  shapes  used  for  columns  are  round  pipes 
and  square  or  rectangular  tubing,  Column  sections 
may  also  be  fabricated  from  a  number  of  shapes  or 
plates  to  fit  the  desired  end-use  of  a  column. 


W  shape 


Round  pipe 


Rectangular  or  square  tubing 


Compound  columns  are  structural  steel  columns 
encased  in  concrete  at  least  ?Jlf  (84  mm)  thick, 
reinforced  with  wire  mesh. 
Composite  columns  are  structural  steel  sections 
thoroughly  encased  in  concrete  reinforced  with  both 
vertical  and  spiral  reinforcement.  ~-^.^ 


The  allowable  load  on  a  steel  column  depends  on  its 
cross-sectional  area  and  its  slenderness  ratio  (L/r), 
where  (L)  is  the  unsupported  length  of  the  column  in 
inches  and  (r)  is  the  least  radius  of  gyration  for  the 
cross  section  of  the  column, 

Estimating  Guidelines  for  Steel  Columns 


Welded  plates 

Column  Shape 


Cruciform  (4  angles) 


Welded  plates 


4x4  steel  tube  column  may  support  up  to 

750  sf  (70  m2)  of  floor  and  roof  area. 

6x6  steel  tube  column  may  support  up  to 

2400  sf  (223  m2)  of  floor  and  roof  area, 

W8x6  may  support  up  to 

750  sf  (70  m2)  of  floor  and  roof  area, 

W#x#  may  support  up  to 

5000  sf  (279  m2)  of  floor  and  roof  area. 

W10x10  may  support  up  to 

4500  sf  (415  m2)  of  floor  and  roof  area. 

W12x12  may  support  up  to 

6000  sf  (557  m2)  of  floor  and  roof  area, 

W14x14  may  support  up  to 

12,000  sf  (1115  m2)  of  floor  and  roof  area. 

Column  spacing  =  beam  span;  see 4,16,  ---• — - 

Columns  are  assumed  to  have  an  effective  length 

of12!(3660). 

Increased  sizes  or  weights  are  required  for 

columns  supporting  heavy  loads,  rising  to  greater 

heights,  or  contributing  to  the  lateral  stability  of 

a  structure. 

Consult  a  structural  engineer  for  final  design 

requirements. 
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••  if 

. !  /  > 


learn  Connections 


»  When   . '  i .;.  in  els  nomii 

size  ofa  column  occurs,  a 
thi  I  I  "..■;  lat<  v. !  le  ; 
both  column^  ••  I  oris  is  used 
totr  -mi  ■!    •  i  '  >  . 

Column  Splii  ss 


5  Column  is  welded  to  its 
steel  base  piste  after  the 
plate  is  leveled  on  a  bed  of 
nonshrMing  grout, 

Column  loses 


|.  ublt  ••(  ib  im 

U    connectot  wi  Ided  to  column 


For  steel  beam  connections, 
see  4.17-4.15. 


4?  I 


c?       I 


i  ii  l<  ad  of  ,;  olumn  diminish)  , 
different  flange  thickne;  -es  may  be  used 
at  a  column  '  »-i  >lumn<  m  ■•  tion 


^\  backer  pi    ei    imak<  upthi 
lit!  i  n<    ii  flan  |«  thi 
1  iboll    ;    nnectioi 


Plate  to  keep  columns  aligned 
-  i  -il  v  \d •  in  formed 
Welded  butt  connection  -•''' 


Nonshrinking  grout  J 

Anchor  bolts  ., 


61  in  nen  m  "i;^  t  qui  '  ! 
when  a  column  bears  on  a 
thin  base  plate. 


!o  k  plates  for  large 
columns  are  set  on  leveling 
nuts  before  grouting. 


A  ii  i  .hiir  found  itionconne  tion 
utili  <l  -  Ffeni    -I    «     n '  m  h  i 

bolts  set  into  a  concrete  foundation. 


^  steel  I  i  >'  p\i  tf  is  required  todi:  ributethf  concentrated 
load  from  a  column  to  the  concrete  foundation  to  ensure  that 
the   How  bb  -tre  sesin  thee  ncrete  r<  no1  exceeded 


gh1  .;  ■■ ,     i        u<     n  man  I  i  turedl  ,    ild-forming 

hi  'i  01       i  fhecol    '"  Tied  t    I  studs  an 

be  easily-  u    i   •    •  <  rribled     hi  i  ipl    oolsintoa 

'all  structural     tislightw    )h1  not    •  il  u    bl   ,  n 

1   n  fro  >r  •  .     I  stud  wall  >mr  be  used     n<    •.  !!    ■    i< 
partitions  01    ;  bearing  walls  i   pporting  ligh   gauge  steel 
joists,  As  in  wi  dlig    fran     on     uctiof    hi  tud      nin 

;ontaii       nti    i-    j  :  :  >  n    h    nalinsul  itionand 
p1  s  wi      ingi  o  i  ni  ihe; 


,;«  izorii  i(  I  nnefl  i  icing 
Walls  less  than  10'  (3050)  high; 
2  rows  §     heighl  fo   'ertt   i!<  ;,  ■ 

•  1  row  I  mid-height  fo    indloa 
Walls  over  10' (3050)  high: 

•  5'4"  (1015)  o.c,  maximum 

irvi    ical  o  d  • 


nu  usrunn 

Lighl   ;  iui  i       elstu( 
#125 165  or  24" 


Diagonal  steel  strap  bracing 

voided  1    studs  a  id  rum  si     - 

Secure  strap  connection  to  stud 
andrunn  'v  th  i    <>,  Ig  s; 
plate  or  welds. 

\i  ,i     li       Idedto;  Dud    1 1 
bolted  to  f <  und<  i  ion. 


*  S'-On  (1525)  o.c.  maximum 

for  wind  loads 
Light-gauge  steel  stud 
assembly  @cornersx 


(505  I    -on  10) 


Limit  height  of  5%!  (90)  tuds  .  12' (3660) 
Limit  height  of  6"  (150)  studs  to  201  (6100). 
Limit height  oi   "(2i  5)    uds  to  2&f  (55535). 


C-Studs 


%  Channel  studs 

-  Light-g  ug(  steel  s1  id  ,  ie  usually 
p   punched  1     How  pipin,   .  'ring,  and 
bracing  to  pass  through, 

•  Consult  n    iu   cturei    (   p    ifi 

lapes     ■  lav  ilabl .  ki  is  ndg  mg 

•  150%"  (25f  55)  thick 

;  2-1/2",3J/4,,l3-5/ft",4",6" 

(64  55    i    li     150)  wide        ^ 


'   j    >5,2     LI)  thick 

2J/2",  35  5J/2"S  3"5/s5  4".  5-V2",  65  7-72".  5" 

(64,75,905100,140,150,131   205)  wide 


)j  11     •>!  nei  >6i  ii  1  - 
with  '  tud  1   Lion  -" 


/ 


/ 


Light-gaugi  *  tud  walls  ire  framed, 
ih<  ithed  in  ulated,  md  finished  as  in 
m  ».;.i  [hi  fran    co  ti  k  is  n 
Connectio  1      emadewh*  1  self  drilling, 
„  \\     p|  irii  si    ws  ie    :r1    '  vitha  • 
electric  01  pneui    tic  tool,  01  with 
pneumatically  d     .    i    . 

r.23     25for  ligl        igejoisl 
framing. 

See  5,461  rwal     «      in     id  7  54  for 

h  .    il  n  ul  ti      ,     • 


C5l  MasterFormot  05  40 
CSI  MasterFormat  05  41 


Cold-formed  Metal  framing 
Structural  Metal  Stud  framing 


m 


1 1  \ming 


Ugh   ,   ug       el   tud 
ion  nuoi     ui  nei   h  n  n 

1  igh  g  iug<    ''  Ijoi  i 
see  4,24-4,25.  for  floor 
i  i  i.  i  i  !  I  '.i  > 


\ -*   Use   g  iug<   >1  rl  studs 

i   s  Continuous  runner  channel 

i' 

9  T  in  orcedi  >nci  l>  on 
metal  decking  x 


Provide  web  stiffeners 
for  steel  joists  that 
continue  over  support; 
see  4,2,5, 
Ligl    gaugi    teelji    i'^ 


0^  rh   igpo  » 'ibl( 


Weh  stiffeners 
Ci  ij  inuous  runner 
Perimeter  channel 

For  lintel  options, 
see  below. 


/:■■■-'-.■  ■                  1 1  \[|    **  Double  channel 

%  Open-web  reel  joists  I          •  Continuous  runner 

1  In 

—  Steel  beam  or  light-gauge  j  channel 

stud  bearing  wall  V *  Light-gauge  stud 

-  ?fi     IV  1  Interior  Partition  bearing  wall 


Exterior  wall 
hi     "  u 


liglrlsgaui     teels  ud  > 
#12",  16",  or  24" 
(505, 405,  or  610)  o.c. 


Stud  assembly  @  Exterior  Corner         @  Parti 


Horizonl  '''  h  im  el  bracing: 

see  5.39    rr<  ujirements. 


.1    IgusSi 
ilate      / 


■r         ■ 


Pi  irn<    n      nel 

fastened  to  web 
tifl  i  ■  nd  ■ 
ingle: 


Exterior  Wall  Section 


)\  tii  ( u  ri  nn    <  h  inn  I 

!  i  jh   g  uge:  reel  joists  %_ 

W  bstiffenei  / 


Clip  angle  anchor  bolted  to 
corii  'eti  !  »undation  \  ill 


I 


ajsseo  neaot 


aouf 


v  Trussed  bridging  at 
corners  ne;     o  openings 

r  mil     H  Ipen   gs 


-'.,;.  turals   el  char 


\ 

i  \  I 

l            ! 
i               j 

I               } 
I           (  i 

I                 ! 

I 

k_^>r 

I 

r"~""""~     0 

II 

!                    !' 

Double  or  nested  studs 


Balloon  framing  u  ,:       »tu  Isthatris    '    full  heigh  o\ 
the  frame  i  m  the:  ill  pi  I   to  fie  rod   in     /ith  joists 
ii."  to  the  *tuds  rt<  '  upporl  db;  >if!s  or  bs  ibbt 
let  into  tto  stud    [3  ill  on  I    mingi  -ran    used  to 
bu1  the  linin  il  "  tic  tl  lirink  <t,  il ,  Pi  rd  »m  yb 
le     ibl     >r  bricl     neer ir> !  tuca   i  i  I 


Flat  or  pitched  roof 
system/-     ,  • 


kJ 


;   M     ■       P 


y     1 


1  kli 


I     A   I   !, 


i     S 


*j 


1 


N    1 


I    i 


Factors  to  consider  in  tl    -  lection       "V ;; 
of  an  exterior  wall  finish  for  stud  wall 
frames  include: 

•  Stud;  pai  nq  •  ,ij  red 

•  Sheathin |<   bai  kin  jrequii  -  ii  n1  ; 

•  Color,  textun  p;  tl  rn  ,  n<  s  ai    li  ■  ir  •! 

•  Stand,  rdwi  Iths  nd  hi  ight!  o\  pant  «•  ld'm$ 

•  Detailuc   cornei    ,5 1  vertical  and 
horizontal  joints 

•  lniajr  tion  of  do<      si        t      in< 
into  wall  pattern 

•  Durability   n  il  if.  n  ma  requii  merits, 2nd 
we  tthering  h  racteristics 

•  Heal  a  idi   tivity, refle<     m      idpoi    i 
of  the  material 

•  !  xpan  ,  *    ■   its,  if  r<    ii 


u 


r~~—  2x  studs  spaced  16"  or  24" 
(405  or  610)  o.c.  and  rising 
:       tin  fullh  ightofth  m\  froi  i 

the  sill  plate  to  the  roof  plate 

^-— •  Second  floor  joists  lap  the 
continuous  v  ill  tod 
_y  1x4  ribbon  I  t  into  studs 
provk  s  dditii  n  il  ^uppo  . 
forjoists, 

p»  Concealed  paces  in  -  II 
fioiuif.  requiin   !:   ii    ;1  p  ■ 
to  prevent  drafts  between 
st(  ies  mdb<  mi  n    top 

•        sD   ,  j  id  hi  rooi 

^*  La1  t    br,  i  i,  re  [i  \n  ! 

see  5.48. 


Firsl  floos  joi  ;1   b<  i  on  - 

foundation  sill  plate. 
Foi  nd  Pi  h     ill 
Chapters 


j    ! 

~ ~  ~' "     "  '  ' ~'~~"  "* 

'""—  Double  roof  or  top  plate    . 

/  Subflooring 
1    *  Floor  joists  .x 

\    ^  2xfirestops 
^-~  1x4  ribbon  let  into  studs 

/>  2xfirestop 
/    •  Subf boring 

|\    •  Floorjoists  ^ 
':]   v-  Sill  plate 
-r—-*  Foundation  wall 

Mas .,   irma 
CSI  MasterFormat  06  1 1 


lough  Carpentry 
Wood  Framing 


r;     PLiMisPiW  VttAMU 


% 


Double  top  plate 

Story  height  2xsto 
spaced  16"  or  24" 
(405or610)o.c.   - 


Sole  plate 
Double  or  triple  end 
joists 

Double  top  plate 

Wall  sheathing  and 
finish;  see  5.46, 
Lateral  bracing  as 
required    - 


Platform  framing  is  a  light  wood  frame  having  studs 
only  one  story  high,  regardless  of  the  stories  built, 
each  story  resting  on  the  top  plates  of  the  story  below 
or  on  the  sill  plates  of  the  foundation  wall.  Platform 
framing  is  also  referred  to  as  western  framing, 


Flat  or  pitched  roof  system; 
see  Chapter  6 


"^  Nailer  for  ceiling  finish 
--*  Double  top  or  roof  plate 

—  2x  wall  studs 


Sole  plate 

Subflooring  extends  to  outer  edge  of  wall 

frame  and  serves  as  a  work  platform, 


Sole  plate 

Double  or  triple  end 

joists 

Single  or  double  sill 

plate 

Foundation  wall;  see 
Chapters, 


Stud  walls  are  adaptable  to 
off  site  fabrication  as  panels  or 
to  tilt-up  construction. 
Although  vertical  shrinkage  is 
greater  than  in  balloon  framing,  if 
is  equalized  between  floors. 


Wall  Stud  Sizes       Maximum  Maximum 

Unsupported  Height     Spacing 


2x4  studs 


2x6  studs 


14' (4265) 


20' (6100) 


floor  joists  rest  on  top  plate 
of  stud  wall  below. 
Nailer  for  ceiling  finish 
Double  top  plate 

2x  wall  studs 


^-~,  Sob  plate 

•  Subfloorina 


"«  Floor  joists  rest  on  foundation  sill  plate; 

|x  see  4,2fi, 

J  x_  0jng|e  or  double  sill  plate 

-   "-*  Foundation  wall 


16"  (405)  o.c.. 

except  when  supporting  only  a  ceiling  and  roof, 

2x4  studs  not  more  than  101  (3050)  high  may 

spaced  24"  (610)  o.c, 

24"  (610)  o.c., 

except  when  supporting  2  stories  and  a  roof, 

space  2x6  studs  not  more  than  16!l  (405)  o.c. 


Overlap  <>  \    late       ornersarid 
in    ,-..:.   ;    ,     itherj   rtitt 
facenaiftwo  16d. 
Double  2,,    |    1       i    i'niiL10d 
#  16"  (405)  0.C.  51  i  |i 

n  ill  (  pplal     i     udss two  16t 


Offset:  end  joints  fn  top  pi         Ueasl 
4a" (1220   faeenaii    m\Od  x 


Three  2x6  with  blocking 
rovid  n  lili   isu  >rwall 

finish  material, 
m§  24"  (610)  o.c.  starred 


Intersecting  Partitions 


-  Three  2xs 
Corner  Assemblies 


Four  2xs 

Nailin    urfacesforwa!  fini  h  material 

16d#  12"  (305)  o.c,  staggered 


Sole  Plates 


$r> 


,;«   .   t     ■! ,!  'r  [  ng 


!    i  ill  Pom  #d,or 
endnail,  two  16d  — — — 
Facenai  dn§, 

16d@16"(405)o.c.-— 

staggered 


•  When  i       ?ectinej  p    titi       lis 

i  two  stud         i  Tof  ixand 
2x  blocking  #24"  (610)  o.c, 

Pi 


.44 


IJiHf  5TMI1  Fi 


S 


Soffit  s 

2'4/ (610)  overhang;  ^ 

see  4,51 

Exterior  wall  sheathing 

and  finish   - ~"'"""" 

Some  finish  materials  may 
require  2x  blocking. 
Thermal  insulation  and 
vapor  retarder;  see  7/14 
and  7,46,  — — 


See  6.21-6.22  for  roof  edge  conditions. 

Second  floor  wall  framing  similar  to 
first  floor  below 

Finish  flooring  over  subflooring 
Toenail  blocking  between  joists 
to  top  plate,  three  &d;  toenail  rim  joists 
to  top  plate,  dd§  6"  (150)  ox. 


2x  blocking  to  provide  a  nailing 
surface  for  ceiling  finish 
Double  2x  top  plate 


2x  studs  §  16"  or  2411  (405  or  610)  o.c:,  see 
5.42  for  size  and  spacing  requirements. 
With  the  increase  in  thermal  insulation 
required  by  building  and  energy  codes, 
2x6  or  even  2x5  studs  have  come  into 
greater  usage.  Alternatives  include  using 
double  wall  construction  or  installing  2x4 
horizontal  strapping  inside  or  outside  a 
standard  stud  wall.  See  also  7.44, 
2x6  studs 
2x4  horizontal  strapping 

Interior  wall  finish 


-  See  4.50  for  floor/ 
partition  connections. 

#  See  5.45  for  framing 
partition  intersections. 


2x5  studs  §  16" 
(405)  o.c,  may  be  used 
for  interior  nonbearing 
partitions. 


6"  (150)  minimum 
clearance  between 
finish  grade  and  wood 
construction  — — ^ 
Slope  finish  grade  to  draif 
surface  water  away  from 
foundation. -x 
\ 


-—  2x  sole  plate 

/>-•  Finish  flooring  over  subflooring 

•  Wood  joist  floor  system;  see  4,27-4,51,  "x 


2x  sill  plate  anchored  to  foundation  wall 
see  4.20. 


Provide  beam  or  wail 
support  for  interior 
loadbearing  partitions. 


Exterior  Wall  Section 


Interior  Wall  Section 


Headers 
Supporfinc 


2-2x4 

Can  span 


2-2x6 


2-2x8 


2^2x10 


2-2x12 


With  a  continuous  two-2x6  header, 
no  lintels  ai  ■  sequin      i  opi  nings 
up  to  4!  (1220)  wide.  -~-^ 


Roof  only 

4*            4'-6'               6-0'             5-101            10-12'       ^                                                           \ 
(1220)(1220-ia30)   (1550-2440)  (2440-3050)  (3050-3660)                           "                                       | 

One  story 
Two  stories 

4!             4<_e-              g^sy             ^_-io'                                       .                      . 

js4^ 

For  spans  over  4'  ( 12  Z(  )   id    hea- 
i  -I       2"  'Oi  m  in  ■•  id  I  >.  ri  g  il 
each  end  down  la  flo  roi  attorn  plate. 
V2"  (13)  pi '  iood  «|  cers      us  d  with 
memto      orn  t<  4   ';      ''•      idi  i 
Foi  unus  -    load  condition    I    idei    iouI 
beenpeei   4      bean  v   ify  minimum 
bearing  requirements, 

Double  header  —  -   -     . 
Crippl<  oi  bid  king 


Ovi  rsi  edh  sidei  may 

be  used  to  eliminate  - 

cripp  s       / 


frit  ii  if  i ;  Si,  s  u|  port  hi ,  2 

face  nail  double    i  idsJGdf 

)2n(p05)o,c, 

Rouo4siil 

Cripp 

Full  studs 


Plywood  box 


51  ieM  il  h  •!  "• 

bolted  to  double  header 


i  a  ii  i  !-  ill  d 
to  steel  channel 


Laminated  wood  joist 


Until  Options  for  Wide  Openings      •  These  lintels  should  be  engineered  as  beams:  verify  minimum  bearing  requirements. 


lllp  Wll,  .riwsmib 


*-  For  use  as  a  nailable  base 
for  exterior : ;  ling;  /  '"(10) 
minimum  for  16"  (405)  stud 
I  •  -'I,-  ind  /    (1  sen  i  num 
for  24"  (610)  stud  spacing 

•  4!x6' 9' 10' 
(1220  x  2440, 2745, 5050)  panel  sizes 

Rated  Panel  Sheathina 


Ve"  (3)  joint  spacing 
unless  otherwise 
recommended  by 
manufacturer 

When  applied  horizontally, 
stagger  vertical  joints, 
■  mpporl  i1  mu  ntaledg  s 
vv/ blocking  oi  plyclips;  nail 
#12"  (50!  I    (  andW 


(1!  0)  i     si.  nge  j 


For  use  a  » con  r  bracing, 
apply  vertically  and  nail 
#a"(205)o.c.and4" 
(100)  o,c,  along  edges; 
0  ."(5)  minimum  for  16" 
(40!  i  to    pa  in.  im 

.  (10)  minimum  foi  '  F 
(610)  i1  id  fa  <:;,; 


-—  When  applied 

horizonl  illy.,  s1  iggi  r 
vertical  joints, 

-  Su  ip  rl  horizontal  edge; 
.    ;    w/  blocking, 

^02r-  Nail  id"  (205)  o,c, 


•  Exterior  siding  must 
be  nailed  to  stud  frame 
because  gypsum  board 
is  not  a  nailable  base. 

•  4!x  &\  10',  12',.14' 

(1220  x  2440, 5050, 5660, 4265)  panel  sizes 

Gypsum  Sheathing  . 


tor  use  as  corner 
bracing,  apply  ]lf 
(15)  panels  vertically 
and  nail  or  use 
adhi  *ive  according 
to  manufacturer's 
eeomm  nd;  Won 


*  High  dm  ity|  inelsmay 
beusedasanailablebase 
for  exterior  siding, 

*  4'xft'  9'  10' 12,' 

(1220  x  2440, 2745, 3050, 5660)  panel  sizes 

Fiberb  •    !    leathinc 


'•'>!  nappli    hori    itally 

•      se       '• 

-   Soli  lbl<  kingorV-groove 
i    joints  along  horizontal 
:    edges 
y  Nail  §  ft"  (205)  o,c.  and 
4"  (100)  oj  ,  along  edg :  • 


For  use  as  corner  bracing, 
use  Vz"  (13)  high-density 
pa i  I'  !]  pi    ha  rticall^ 
nail  @  6"  (150)  o.c.  and  3" 

i  !  )o,i    ilongedg 


!  i  |idin  >ula  ion  may  -  tend 
below  grade  to  insulate 
basement  or  crawl  space,  y" 
See  also  7,44. 


•s- 


•  li  ii  •  iding  nusl  bi 
nailed  directly  to  stud 
frame. 

i'„  m  .(  i!  :  foam  pi  istii 
is  an  effective  vapor 
barrier,  the  wall  assembly 
istb    roperlyvi  nted 

Rigid  insulation  cannot 
be  used  as  corner 
bra<  ng;use  teel  tra| 
or  1x4  let  it  to  stud: 


Protect  exposed 
surfaces  w/  treated 
plyi  oodoi 


•  ^x^.&'and^xO 

(610  x  1220, 2440  and  1220  x  2440, 2745)  panel  sizes 

Rigid  Foam  Plastic  Sheathing 


CS!  MasterFormat  06  1 6  00  Sheathing 


Wood  columns  may  he  solid,  built-up,  or  spaced.  In  selecting 
amod>  ok  n    «       llown >,  Mt  Id     considi  red: lumber 
.pi  :k     itructui  I  -    le   lodulu  >• '  las  icitym  nd  II  >  a! 
. ,  i »       ,  -   b  i  lm    md  ih    rstn  -  "h.       n  ih    d  foi 
the  i      i    d      ,  In     litiomat     itioi     louldbej  lidtothe 
precise  lo      g     idii    i    inrJi  iety       cm  nn  { I  oris  used. 

■ '  of  colon n       I  pi   .'  in  e'1-  . .   ixi  liyi  e,  rnp      >i  m 

Failure  c  mi    ultl    mm    hingi  th    v.1  Fib<  rs  if  the 

i  n  if  ■),;'«    ,,.    ;    .  ,  d\     -  ill  i ,,,;f  unh     'esssn 

;oi  ipres  •,  ,  pai  illi  I  R  thep1  ii  fhf  o  d<  ipa  ityol  ;  ci  lun  n 

isalsodm  rmim  Ibyitssli  idem  >sratt  A:  i  i    lenderness 

■,   ioofaci  lumnii  me,  ie:    i    )lu  in   mfaili  -  nbui  klin 
See  2,15, 


\li      )0   )  aalidoi  bui  i    p  ol  mms 
l/d  <  bO  for  indi  i<  ual  member  of  a 
spaced  column 

1       i   ipp  1  <  If  ,/  h  nincbi 
d  =  the  leaf  t  limen  ionol  tli 
;ompres  >ionmi  inbei  ininchi  s 


I 
I 
!  I 

i 


M 


£  )\\d    wn  (   '"i  m  »sh  ildb<    f 

■•  II  si     on  ,    <■  o ! 


Built-up  column:    i<    I   glu< 
lamin   .  !  >i i  ■< .  ■  i  i    llj 

mened  •  hi  L  mi  lated 
columns  may  have  a  higher 
illowabl    1  n  pi  <  w<    tres 
;  •  '1  >oli  I  »awnc<  Ii  mnss  while 
mecl  m:<  illyl  1    ened  columns 
cannot  equal  the  strength  of 

olid  column  ol  thi     me 
ii  1,  n  i(  1  and  1 11  ri  il 


S|  if,  I  ol  mn  -consis   if  two 
or  more  1  i<  nb  rssep,     tedal 
thi  irends  in  Imiddli  poini   by 
bl<  kinpi    j<  -i  • '     their  ends 
by  til  ibi ,  conn  .  toi    m  I  bolt: 


fimofing !  uidefine    h  Wood  •  1  lumn 

6  6x6 fn      uppoi   upi  s!  ■    j sf (46 n   | 
of  floor  and  roof  area. 

•  5y3  may  support  up  to  lOOG  sf  (85  or) 
offlooram   «  ifai 

•  10x10  may  support  up  to  2500  sf  (232  m2) 
oi  '••  )o\   nd  roof  area. 

•  Columns  -     ssum   '  to  avean 
in   ;.«,  ortedhekghl 

•  increa:  t    i       re  required  fort    u    is 
•  i[  porl  rii  heavy  lo  ,  »   ;  N  to  |i     • 
heights  ol  r  -  <tm     '  mal  forces, 

II  liogi  ipl         >(  i    sol  more 
stalled  I     (tables. 

•  Consull      tructnral  enpeei  for  final 

esiamn     ir  m<  its, 


Ml  II II  I        ; 


.4! 


PQSY-AND-ISbAHi  NAMING 


Roof  system;  conventional  wood 
rafters  or  plank-and-beam  framing; 
see  Chapter  6,  "----^ 


Post~and-beam  construction  utilizes  a  framework  of  vertical 
posts  and  horizontal  beams  to  carry  both  floor  and  roof  loads, 
The  beams  supporting  the  floor  and  roof  systems  transmit 
their  loads  to  posts  or  columns  that,  in  turn,  carry  the  loads 
down  to  the  foundation  system, 


,  |  h 

Jill  h 


&mi 


Together  with  plank-and-beam  floor  and  roof  systems, 
the  post-and%am  wall  system  forms  a  three-dimensional 
structural  grid,  which  may  be  expanded  vertically  or 
horizontally. 

The  skeleton  frame  of  posts  and  beams  is  often  left  exposed 
to  form  a  visible  framework  within  which  nonbearing  wall 
panels,  doors,  and  windows  are  integrated. 
When  the  post-and-beam  frame  is  left  exposed,  as  is  often 
the  case,  careful  attention  must  be  paid  to  the  species 
and  grade  of  wood  used,  the  detailing  of  joints,  especially 
at  beam-to-beam  and  beam-to-post  connections,  and  the 
quality  of  workmanship. 


Floor  system:  conventional  joists 

or  plank-and-beam  framing;  see  Chapter  4. 


It 


Resistance  to  lateral  wind  and  seismic  forces  requires 
the  use  of  rigid  shear  walls  or  diagonal  bracing, 


Posts  or  columns  may  be  supported  by  individual  piers 
or  by  a  wall  foundation, 


•  Column  spacing  is  related  to  the 
desired  size  and  proportion  of  the 
bays,  and  the  spanning  capability 
of  the  beams,  joists,  and  decking. 


f  ost-and^beam  framing  may  qualify  as  heavy  timber 
construction  if  the  plank~and~beam  floor  and  roof 
structures  are  supported  by  noncombustible,  fire-resistive 
exterior  walls  and  the  wood  members  and  decking  meet  the 
minimum  size  requirements  specified  in  the  building  code. 

Floor  decking;  not  less  than  3"  (75)  nominal  tongue-and~ 
groove  (t&g)  or  splined  planks  with  1"  (25)  nominal  t&g 
flooring  orVz"  (15)  wood  structural  panel  subflooring 
Roof  decking;  not  less  than  2"  (51)  nominal  t&g  or  splined 
planks  or  1  %•"  (32)  thick  wood  structural  panel 
Beams  and  girders:  not  less  than  8"  (150)  nominal  in 
thickness  and  10"  (255)  nominal  in  depth 
Columns;  not  less  than  Mb  nominal  when  supporting  floors; 
not  less  than  5x8  nominal  when  supporting  roofs  only, 


CS!  06130  Heavy  Timber  Construction 


The  strengtl  H     >os1  an    ?eam  conrii   tion  depends  on; 

•  Tbespe  ie    ind  ji  « i  oi  lumbei  used 

•  fhethii  '  N  ssoi  'Mewoot  meml .    • 

•  Theangii    fthei    i    i- ,  forc^     I  CiVi     'tin  gr;  in oi  0 

•  fli    "•    ndn  in  L  -o  boil   01  timbei  c<  inei  i""  u    d 

Hi,  >is    indnuml  i  oi  ''Si      quh  t     i  3    >nnei  tio    ej  ndo 

tl     nagni  i  b  oi  th<  c  id;  beingtran    mred, Generail   greater 
sffii   mcyi  >; <  !■   sod  with  ifewl  irgebolt:  rathei   hanwith 
moi     m  lien  ru  >  Ik  ii  n  in  j  to th  >-  '    .'I    tral    sen  ral 
f  ui !  i,    si    thepla  ;m<  nl  '«  ".  ■ 

ml  sr  Coi    ictor 

l  th   .  i;  insuffi  ienl   urfaa  com  c\  area  to  iccommodatf  thi 

|i  n  im  i  bi  i  >f  bolts, timbei  o\ s  ctoi   c  in     u«  »;  li  rib 
connects  ;  i   i    talring    plat«  >,oi  |i  Isforti  mi    rrin<    heat 
be  w  ei  Mi  feci  »d  twotimbet  m  mbers  i  -v!.  1  i   singls 
b(  ;  hats*  rve  ;tor<  strain  nds  lamp  fch<  issei  ibiytoge  h  f 
Timberconn  maorsan  more  efficienl  than  bolt:  or  I,  \  screws  used 
loi .  •  i     ><  they  m!  irgi  !,>    ire^     tvoo  ovei  i  f  -  ialo  d 
li  tri  ■■  ted  m  Id      >j  (  jla    >tre      >pei  i  ii1  >.  bi  n  i  , 


■© 0* — — 4 


c%  — _.. — f>. 


4d 

End  distance: 

•  4dincc  npi    -  ■>  ■.      =  b< ;!  !  m     r 

•  7d  in  tension 
Edg    ,   i  in 

•  1-'/2dor7    .".    ;    ingforiA  ratio  <<6 


_         P    ,   pa<  in  p     lleltoi    in    determined 
by  n  tsectii  i  i  ;quirements. 


Load  Perpendicular  to  Grain 

-  Rowsf  ici  igp  rpendicul;  rto  grain: 

•  2J/2dfori/dof2 

•  5d  for  f/d  of  6 

"•  Edged!  >i  inc  fored  ;  toward  which 
It  di    u  ifVj  >or  =  4d 


Split-ring  c<  nne<    i    con:    i  >  I    netal  ring 
inserted  inti  corresponding  grooves  cut  into 

thi  » K    -oi  iht  [oi  in<  1 1  nib  i    md  held  in 
place  by  a  single  bolt,  The  tongue-and-groove 
split  in  thi   im  permi'1    ttodefon     lighth 
under  loading  and  maintain  bearing  at  all 

;u  f  ici    whili  ill-  weledcros  >  ed  m 
eases  insertion  tndensu    >    ti,  ii   fitting 
joint  after  the  ring  is  fully  seated  in  the 
grooves, 

Available  in  Plf  and  4fl  (64  and  100) 
diameters 

i   /  '  (30)  minimum  I  ici  ddthfoi 
2-72"  (84)  split  rings:  5-72"  (140)  minimum 
for  4"  (100)  split  rings 
]lt  (13)0  bolt  ford  /    '    !,  jplit  rings; 
3/4"(19}0for4"  (100)  split  rings 

Shear  plat    •   nsi:    oi        nd  plate  of 
malleabl  do  1  n: ,  rtc  Jinto  icoi  esponding 
in    .    lush  with  thi    ■ .    I    timl      m ' 
held  in  pi  <  ■  b;  1  >ingl    oil    <h  rpla 
usedinbackd     fack  pairs  to  develop  sheai 
n  ;i  .1  me  indemoun  ibl     ;".  to  .-    I 
!  nne  Dion        ii  jlyin  iwo     to  m  i 
connection. 
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:; 

r 

k.  '      -  Wood d<  1  •..;  >e<  s  \0 

r 

1       "                                                                                              r\      "^ 

1 

. ..    ;              -  Solid  column 

I        1*                \\                                                                                            \^ 

-  Spaced  beam  • 

T                                                                                      !     S  1      < 

lt//|i       y^ x       x-^"  'mhli }  v,!''  "  ;:'s  I'1'  'I m  \- 

1 

If 

1        \ 

_..-» 

"\       li 

x^C     /      /          consist;  of  wood    ud 

.                      framing,  prefabricated  wall 

•  U,  m  hanger  w/ 
j         concealed  flanges 

^x\\  /\\.         panels,  or  door  and  window 
]r\                     -            units 

I 

'1       ,'•                                         ^\ 

if 

^\  /         ,  ,          Joinl  details  should 

1 

JTr|> 

"\\                 «  [3uil1  up  benm           .              , ,; 

|| 

I  :          providf  i  weathertight 

1 

j 

\x\            resting  on  built-up 

„  « T 

I 
11 

S 

i          seal  through  the  use 

"\J 

column 

\ 

! 

1 

1 
i 
i 

i 

i         ofoffsel    Flashing  or 
1  1       caulking, 

•  Steel  angle  w/  ^ 

J'                 f\\                                 ! 

l| 

1 

i 

|  i    •  Allowance  should  be 

web  stiffener                       j         ^\\ 

[1 

1 
1 

{          made  for  the  movement 

k,             X"'\">\ 

) 

j  j       of  expo     <  woddm 

1 

rA          "\  \                  •  Kerredbeam               »  || 
Tm               x"0\            set  into  steel  plate 

^| 

i 
1 
: 
i 
1 

! 

1  |       tocham    i  in  mo   tun 
1  j       conti  i     n    vh  i  joinin  1 
j  i        iissimil  11  natei  -1  • 
|  j       foi  diffi  rin<  i  rtes  >1 

j      *  Bearing  bloc?  \|J             N^.\ 

bnlt^d  fft  milium                         •         %'\    Jv- 

* 

"^                 1  !       thermal  expansion  and 
^\        1  \       contraction. 

1              "                  '""^J 

e  See  also  4,57  for 

( 

[olumn  Supports  fo 

-B 

earns 

Co 

um 

11 

-    1          i                posi  bi  '  n    >nnections. 

Diagonally 

bl  !';''! 

connection 


-*  Pc.i    /  >r  ki  H 
at  base 

I'    !    /-  Through-bolts  vv/ 

1  /f  countersunk  heads  and 

4    j  nuts;  plug  hole 

I         /  Steel  pi  U  welded  to 

I     /  base;ba  •  mchoredto 

j  /  foundation 

,[/       /  Concrete  foundation 

:  >  '  wall  or  isi  11    I  pi 


■"--  Post  or  column 
a  Column  base  -;l 
x      anchor  strap  cast  into 
concrete  foundation 
wail  or  pier 
/  Through -bolts 
(  '(150)  togi  i !' 
/       minimum 
•  Building  code  may 
require  a  2"  (51) 
^      standoff  height  above 
t      concrete  when  exposed 
^      to  weather  or  water 
\~      splash, 


/  vai    ,  '  '!  pr  <\>  is  i,i.  ' 
post  bases  and  beam 
anchors  are  available, 
Consult  manufacturer 
for  sizes,  shapes, 
installation  details    nd 
allowable  loads 
Post-and-beam 
connectors  can  also  be 

hi  |  I  >■>  rica    ,!  U   »ui1 
specific  design  conditions, 
Connectors  should  be 
galvanized  or  plated  to 
resist  corrosion  when 

:xposi  11  'Or  mhei 


Column  Base  Supports 


6.03 

Roof  Slopes 

6.04 

leinforced  Concrete  Roof  Sills 

6.05 

Precast  Concrete  Roof  Systems 

6.06 

Sfrycfural  Steel  Roof  Framing 

6.07 

Steel  Rigid  Frames 

6.08 

Steel  losses 

6.09 

Truss  If  pes 

£10 

Space  frames 

o,  1 L 

Open-Web  Steel  Joists 

Open-Web  Joist  Framing 

A  1 4 

Metal  Roof  Decking 

£   I  C 

Cementitious  Roof  Planks 

Rafter  fremiti! 

A  1 8 

Light-Gauge  Roof  Framing 

food  Rafters 

6.20 

Wood  Rafter  Framing 

6.23 

Roof  Sheathing 

6.24 

Wood  Plank-and-Beam  Framing 

6.26 

Wiod  Post-learn  Connections 

6.28 

Wood  Trusses 

6.30 

Wood  Trussed  lifters 

.02    mm  %i^im% 


',  A   r  di1  I  Optimiz  I  n  rgyf  rf<  rrm  nc< 


The  roof sys  emfuru  Dions  as  the  primary  -  helterin  j  elemenl 
for  the  interior  sj  k  %  fabuildii  j.Theform  and  -lope  of  a  roof 
■in .  bi  compatil  le  with  tl  -  yp<  o\  roofing      Single;  tiles,  or  a 
continuoi    m  mbram      used  to  f  i  dn  nwat  rand  n  :ltingsnow 
to  a  system  o\  li  lins  guttei  i,  and  downspout  «  fhi  construction 
of  a  roof  should  also  control  the  passage  of  moisture  vapor,  the 
infiltration  of  air,  and  the  flow  of  heat  and  solar  radiation,  And 
pending  on  the   /p   >fi  on    ru<  tiot  n  \\  n  lb\  tk  i  uil  ling 
code,  the  roof  structure  and  assembly  may  have  to  resist  the 
spread  of  fire, 

I  iA'  flo  >r  iystem  »,aroot  -  usl  b<  strut  turedtospan  icro  s 
pat    in-  cai  /H  >owi  w  ght  a  w  Hast!    m\  jh1  <  i  i  ly 
attached  equipm  m  a,  ■  iccumulat(  I  rain  and  snow.  Flat  roofs 
i  >ed  "  di  ki  at     Iso  subject  to  live  occupancy  loads  lnaddi'1  on 
tothest  tji  i  ityload     h  plan  •  >fth  roofm  yb  required  to 
resist  Ia1  r  '  m  I  md  el  >mi  foro  s  i  well  i;  uplifting  wind 
forces,  and  ti  in: ', 1  these  forces  ti  th<    uj  porting  structure, 


Because  tl    |i   'i    loadsfoi    building  (    jinate  with  the  roof 
y  ii  n  il  ;  trui  ui  ilia  o\ 1  mu  t(  n    .;  ii  I  s  thai  o\  th< 
column  an  lb;  trin  s  ill  *  >ti  t  isthroi  |h\  hi  «  i1  >  loads  in 
11 :  f<  rn  I  I  vn  1    th  fou  id  tion        m    hi  pattern*  I  n  " 
uppo  ts,  ndtheexten    '  therooi  »p  n    ii    i  rn  »  flu  '»•(, 
th  ■  v  i1  ,f  int(  rio    »j  i<  ;  md  I      peofci  nee  th  it  th  i  wt 
structuir  m      up  mi       ngi  >o1   pans  wi      opei  up  imore 
flexible  inter!      ■  •      hile  shorter  i       pan    night   ,    ;.   I 
no    pi  -  ;    '       i     (spaces 


rh  form  i  ir  o\  [>!  ui  wh<  therflatorpit  hed  g  bled;  i 
hipped,  broad  md  sheltering,  or  rhythmii  illy  irticulated  has  i 
major  impact  on  thi  in  tge  of  a  building  Fhi  i  ot  nay  be  exposed 
withitsedg    I  i:  h with  i   s  rl  nging  th;   m>  rio  walls  01 

it  may  be  concealed  from  view,  hidden  behind  a  parapet.  If  its 
underside  remain:     posed,  tb   ooi  il  o  transmit:  its  form  to 
theupp  rh  ui     rii     H  th  interii  i ;  paces  below, 


12"  (305) 


Flat  roofs  require  a  continuous  membrane  roofing  material 

Minimum  recommended  slope;  74"  per  foot  (1:50) 

The  roof  slope  may  be  achieved  by  inclining  the  structural 

members  or  roof  deck.,  or  by  tapering  the  layer  of  thermal 

insulation. 

The  slope  usually  leads  to  interior  drains: 

perimeter  scuppers  may  be  used  as  overflow  drains, 


12  Q 


Flat  roofs  can  efficiently  cover  a  building  of  any  horizontal 

dimension,  and  may  be  structured  and  designed  to  serve  as 

an  outdoor  space, 

The  structure  of  a  flat  roof  may  consist  of; 

•*    Reinforced  concrete  slabs 

■*    Fiat  timber  or  steel  trusses 

>*    Timber  or  steel  beams  and  decking 

-*    Wood  or  steel  joists  and  sheathing 


7  o^ 


High  slope 
Medium  slope 
Low  slope 


Run;  12 


Sloping  Roofs 

•  Sloping  roofs  may  be  categorized  into 
s    Low-slope  roofs- — up  to  5:12 

*    Medium-  to  high-slope  roofs — 4:12  to  12:12 

•  The  roof  slope  affects  the  choice  of  roofing  material, 

the  requirements  for  underlayment  and  eave  flashing,  and 
design  wind  loads. 

•  Low-slope  roofs  require  roll  or  continuous  membrane  roofing; 
some  shingles  and  sheet  materials  may  be  used  on  5:12 
pitches, 

•  Medium-  and  high-slope  roofs  may  be  covered  with 
shingles,  tiles,  or  sheet  materials, 

•  Sloping  roofs  shed  rainwater  easily  to  eave  gutters. 

•  The  height  and  area  of  a  sloping  roof  increase  with  its 
horizontal  dimensions. 

•  The  space  under  a  sloping  roof  may  be  usable. 

•  Sloping  roof  planes  may  be  combined  to  form  a  variety 
of  roof  forms. 


•  Sloping  roofs  may  have  a  structure  of, 
— *   %i00  a  or  5im\  rafters  and  sheathing 

/   Timber  or  steel  beams,  purlins,  and  decking 

a    Timber  or  steel  trusses 


j 4    uwmwtfw.H  *:mm-  fi:  bK  !$w  uas: 


Reinforced  concrete  roof  slat  ;  ir  formed  and  sitecast  in 
th  sam  ma  inei  i  tk  com  i  tefloc  system  illusl  •  ted 
on  4,05-4,07   looi   lal    it    lormal    '>.    d  with  a  type  of 
membrane  roofing  shown  in  the  cross  section  below,  See  7,12 
foi  flat  roof  a  ;  embli   -. 

-  Slopet  j  of  -I  I  o    iy<    >1    >of  insul  tit    .or  roof  drainage; 
'/V  per  foot  (1:50)  minimum  recommended, 

■*  Roof  slabs  may  k   upported  by  reinforced  concrete 
columns,  reinforced  concre    frame    >rb<   ring  walls  of 
r<  infon  <  .  om  r< ;   oi  sm  ><  nry 


/i 


ji 


An  upturns  ledge  I    mean  forma 
pa  \\h  I  \  I 

,i     Iregletmayl 
irapetto        .  «   (  s!,  -bin , 

[  i<   .|  il  i  mbi    antile\  red  -  /  n< 

its  perimel  i    uppoi     toff  rman 
overhang. 


Am  i<;<  oi   p  ndrell     in  in  ;upp<  rl 

anonbeai  ng<  urtainwall, 

- ;.    ih  n(  ioi   m  iybei  «  \  intoth 

pand  elb  ,  n    i>   >ei  un  th)  i  urt  li  i 

/ail  panels. 


Wear  course 
Roofing  nembram 
I  igid  foam  or  lightweigl  i 
f  oncrete  in;  ul  ition 


M  oth  .«"■     a  fini  hi   r<  eivi 
insulation  and  roofing 
Reinforced*  n     !,     oi     ib 


fheedg!  oi  a  con.  rete  roof  si  ib  may  be  treated 
three  different  ways. 


Reinfon    ici  a.  reti  mayb(  desi  ;m<  and*  r !  nto,  vari  ty 
H  'it  ,  o<    fori  i     h  ha;  Pol  ledplati    d  »mi  >  and  >hell 
structures.  See  2.15  ind2.26  2,27. 


CSi  MosterFoiiitat  03  20  00  Concrete  Reinforcing 
CSI  Masterforrnal  03  30  00  Cast-in-place  Concrete 
CS!  MasterFofnriQt  03  31  00  Structural  Concrete 


tconci    ■    n  I    '     • ;    ire  imilai  in  fo   , 

ndcon     uctloi  o precast  1  oo\  »y  «  m  a  id 

utilize tli.     .  i      sfslabuni        .  l.i   4,15 

ft   general cond  -  n     ndn  qui ,  nents,         ./ 


/ 


1  ,"''i  *r    inectii  i    hoi  Id  illoi  foi 
in .     I  hi    i  n1  I  noven  n1  lu  toon  ; 
ih  ..-1  ,-;.    nd  ti  mper  tui     nances. 


See  /ay  tor  parapet  flashing 
i .    fi  i>;  ,'■•  inbi  i.'   *- ',  . iot 
n    I    on  sei  7 12. 

)£       01     -  -       Oppl  if. 

reinforce    ■  '•   eld  dw'm  fabric 
orreinfon  i  igb  ,  »  bonds  to 
precast  sb      i    »rm    composite 
structui  dun     !l!(51)    ,  iin  in 
theft  ppin  m  yb<  <  mitt  dii 
igidl  -1'  in  »ul  I    lis  I  lidover 
sm  !m>>  -.  rf,  cedprei  sst  units; 
Slope  conci  «   !    piiigoi  precast 
units  to  drain;  V4!l  per  foot  (1:50) 
it  inimumi  ?c<  .i1  «« n  l<  i 

;  >• .  v   -  >    lori  »n1  lid  iph  irjm 
nd  i  in:  1 1 1  iteralfora    to  si 
walls,  steel  reinfoi  u  nent  must  tie 
th  pi     i!  i   labunii    to  each  the 
.  '•,'-  tl  i  <\  ppoi    andat  theii  en  1 
bearings. 


ili 


/ 

/    / 


K     /      / 


1 __ - I 

searing  Wq 


i  i       I  holb     i     I >!  i  n'l 

id:  teeidoi  ,     ntoi  in  o  «rt 
i'i:«  eteto  >pii ,;  i  i  ito  jrouted  te i !  ;  • 
foi    trucl  i  li  onti  it  ii<; 

Grout  wids  of  at  ends  of  hollow  com  units. 


High-density  plastic  I    i    i<  strip 

■  ii ,f  mi  i  b(  i|m'  j<  t„  th  si  oul   bi  i1   ;    ■ 

7    i ','  thi  cl  .   span  mi  no1  I      th  m  !" 
(51)  fo  solid  or  hollow  ci  re  si  '-- 


Weld 

Precasl    i  u  i<!   !  t<  <: 


,  i 


End  Wall 


Reinforced  concrete 
topping;  2"  (51)  minimum 
Hooted  bars  cast  into  slab 
edqe  slots  #4'  (1220)  o.c. 

Underside  )1  preca:  i 
lbs  may  b«     *i!!',  '  in  '• 

painted;  a  ceiling  finish 
M)      )beaj  >li   It   o 
e!  ispei  ledfrom  il  ' 

Rein  )      Iconcrel 
topping  bonds  tee  units 
together, 


learing  Wol 


Synthetic  rubber  bearing  md 

Minimum   »     ingli  ,   f  ;l  aul  I  i     i 

/     o\  in    '  a    -p'  I  ''•     i  L  th,  ■ 

■,    iforbeai    orstei  tirii  1m  i  ber: 


So  4.1S  or  add  :  ■  ii'      ",    m     ii  - 


i*:'.'  .'    10  po    ;  Ii 

on:  1 11  structural 
Wj\\  i  b  '  in ; 
on  i  ■  tion     I  il 


Searing  Wall 


*     .  ■   M,      lazed  opi  ni  u 
-*  iVtiif  cedco    re1   oi 
ma  onr^  sill 


CSl  Ma  ...,••'       00  i 


;"!!  ?.'\  ,T2'i  "•' o ,   .T  rJ  k^nt  r  LllMIll  : 


A  flat  roof  structure  may  be  framed  with  structural  steel 
1 1  mb  rss  niilat  to  b  w  ly  >1  el  looi  -  n  fram<  I  S< 
4,14-4.15. 


*   >.i  pt  n   ry  in.l  >    ondan  ro(   beam  m  ly  uppoi 
open-web  steel  lists,  me1    roo   iecking,  a  sitecast 
concrete  slab,  or  precast  concrete  units. 

f  Roofov  rhan  5  may  be  ichieie  I  by  extending  the 
secondary  roof  be,  ms  over  their  supports  or  by 
rece:  sine]  th<  e  s  rioi  walh  on  >tru<  tion 


I     Pincj  memb   n     '    rigid  foam  or 
'•  |htw  ightcon  ,.     in  ul  itii  n;  >< 
7.12 for  il.'i  rooi  ■  •    mbli< 


Overhanging  beam;  may  b,  ft  im  dwil  lin  the  depth 
of  the  pun   r '  (  im  11 1 '    ontin  iou  ■  ■  1  the  main 

m    mm, 
Wei    .tiff<  ;     > 


Curtain  wall  panels  or  facing  veneers 
rtV; '        :     ted  either!         \ed§ 
'  •     onereti     ib<  ^i  >ver 
metal  decking;  si    7.25,7  2d   '  *  e 


Splice  plate 

Ends  of  beat     nay  be  tapered 

■    liflhti  n   h  tl    uti  1 


etna  turalsti  leaf  il »  b  u    d  i-  fi  11 1<    <  ping  roofs 

Metal  or  cementitious  roof  decking 
Purlin  spacing    decking  »p  n 

1  »|  mi  oof  I  ame  >u\  po  i  t  irli  1 

I3eam  spacing  =  purlin  span 

Girders:  upporl  roof  beam  >a1  rid  jeandi  ives 
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ii  fra  'i      on  mi  >ftivo  o    tin > 
h,     irerigi  llyci  nnected  at  their  joinl     \ppli  '!  -  !  - 

pi    u<     i  ;  !  bi  n<  nq  i  >  h    i  :  ,<  :    1  I!  members  of 

thefrarm  ine  h ;  rigid  joinl  ?re  n  in  th  <  idsofthe 
nembei  I  -  irol  itingi  dy  In  !.  iti  ::  -.  ,  !.  >ad 
au  ;    -  ;  H    rm  to  levi  (o  hoi  soi !  "  i'  ust;  i  i1 

base.Arigi  I   an    i<  ft  ti<  llyind  ft  minate  n    rigi 

only  in  Its  plane. 


te<  i  if  itne;  m  \  bi  lefl  e  t'>  &   nuri|  rotect^  ! 
noncombustible  construction, 
:  ee  112  fo  fireproofing  oi  >teeh  tru  tort 
Some  building  codes  reduce  the  fire-protection 
reomiremen    !  >i  steel  rooi  >1  u.  tures  O1  (7620) 
or  more  above  the  floor. 


Variou    '     ■    •    q\ Ifi  iitii  scan  be 
i    rii    edofsl    •       »anfrotn5  )'to120' 
(9  to  56  m), 

', .   frai   'i    ii  illy    v  >n<    <«   , 
structure  !  edfoi  lig!  -   1 lust  ialfc  lildi  i ) 
wan  fious  >»andreci       >n     icili  i 

■     nneh       hape  purlins 
Purlin spac  iq       an  of  roc  f decking; 
4' to  51  (1220  to  1525)  o.c. 
Eave  strut 

CI  i'    I;  re  hape  jirts 


Frames  spaced  20'  to  24'  (6100  to  7515)  o.c. 
Frame  spacim      .pan  of  purlins 
■  i  m    pa<  i  m  ~  ■  pan  of  ejirt 

Rigid  (  •  in,  spn  vi  li  re  -i*  I  mi    to  I  ite  il 

forces  in  i  I  ;ii  plan      I  - ,  nu  I  k  braced  in 
a  lin  ctio  ip<  rpen  liculai    )  m  fi  ime 
I  i  5i  ling  is  typically  ( lad  with  corrug,  ;  d 
m  i  il  roi  fing  and  siding 


I 

\                            1    i 

1 

— '          / 

\ 

Crown 

Ruleofthui  '■'•'     roi  n  '<  \  fch:  >pan/40 

Pitch;  1:12  to  4:12 

'  onnection  boll  -  oi  weld  .2 1   resist 
moments 

Shoulder 

■  ul  oi  •  tun    h\  h  !i  lei    ;pth    pan/2 

Wall  height:  &  to  50'  (2440  to  9145) 

Base:  &"  to  20fi  (205  to  510) 
/pi(  (span       u     0     to 36m) 


CS1  ft     to',:,*'        '   si      ii  lly    posed  Strucfura       I  Framing 


I) .08     STEEL  HISSES 


See2  k  fori  lore  inform,  tion  on  trusse 


Metal  or  a  n<  *    I  ous  roof  decking 

or  panels  span  purlin  spaces,    -  ...... 

Channel  or  W-shap<  pui  in  i  .pan 
the  truss  spacing,    --- --^_ 


•  Knot  I"  is  •,,  ri  i  panel  point, 
purlins  sui  i,  •    topi  h  >i v J  to  loo 
bending. 


'  teeltruss^  •  are  generally  fabricated  by  welding  >r  bolting 

strui  iiu-,1  irii  I    ai    ti  i  >tog(  thi  -  !    form  .V   ri   igul  rl  d 

■     !•  '  v    ofthi   fenderm  sol  these  truss 
members,  connections  usually  'ecmir  th<  us<  .  fsl  el  gusset 
p!  iti  ■  Hi  iviet   teel  tru:  t  »mayu  lizf  m  k  fl;  ng    i.  \\k 
and  structural  tubing, 


/*  Members  are  bolted  or  welded  with  gusset 
plate  connectors. 
•  Toprev<  il  >econ  I  i  /  h  a   indbendin , 
stresses  from  developing,  the  centroidal 
axes  of  truss  m<  nbei   an  th  !  id  at  a  joint 
should  pa   -through   common  point,  x 


teel  I     rin  pi  \U 
trui  ,fi  il  >    :loi  reini 
.    icretecoli  mi     ipporl 


Trusses  requi  bi    :] .     idira  Won 

perpendii  ul    I    thei  planes, 
Mecl  nicals  n      »su  !  i  ipipi  ■;.  conduit,  and 
ductwork  m  i  p      thi  ug  i  the  web  spaces. 
N<  11  rami  i  DibU    I  el  con  >trui  tionn  y  be  t<  fl 
exposed  il  ttli  i  -I  2(  '(6095)  \u-  m  the  finish  floor; 
consult  Mr  building  cod;  foi  requin  menl 


n 


Depthrangi  or  pitched  trusses  span/4  to  span/5 
D(  'I  n  isi.'S  fo  b  •"'  ring  I  u   •■  -  S|  m/<  it1  t   nld 


Theincrea     'or     ho      issesall        h<  m  to  span 
jr  n-   di  .i  mesa  thans     lb  im    mdgii  lei  > 
Span  range:  25'  to  120  s  (7  to  36  m) 
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Flat  trusses  have  parallel  top  and  bottom  chords, 
flat  trusses  are  generally  not  as  efficient  as  pitched 
or  bowstring  trusses, 


Pratt  trusses  have  vertical  web  members  in  compression 
and  diagonal  web  members  in  tension.  It  is  generally 
more  efficient  to  use  a  truss  type  in  which  the  longer  web 
members  are  loaded  in  tension, 
Howe  trusses  have  vertical  web  members  in  tension  and 
diagonal  web  members  in  compression. 


Belgian  trusses  have  only  inclined  web  members, 

Fink  trusses  are  Belgian  trusses  having  subdiagonals  to 

reduce  the  length  of  compression  web  members  toward 

thecenterlineofthespan. 

Diagonals  connect  a  top  to  a  bottom  chord, 

Subdiagonals  join  a  chord  with  a  main  diagonal. 


/  \ 


\    / 


V— — ^ 


/  \ 


Warren  trusses  have  inclined  web  members  forming  a 
series  of  equilateral  triangles.  Vertical  web  members  are 
sometimes  introduced  to  reduce  the  panel  lengths  of  the 
top  chord,  which  is  in  compression. 
Bowstring  trusses  have  a  curved  top  chord  meeting  a 
straight  bottom  chord  at  each  end. 


% 


/?- 


•  Raised-chord  trusses  have  a  bottom  chord  raised 

substantially  above  the  level  of  the  supports, 
-  Crescent  trusses  have  both  top  and  bottom  chords 

curving  upward  from  a  common  point  at  each  side, 
-*  Scissors  trusses  have  tension  members  extending  from 

the  foot  of  each  top  chord  to  an  intermediate  point  on 

the  opposite  top  chord. 


i«    sraa  i'iaib; 


:t  A 


2! 


¥ 


Triangular  Grid 


/'\    /!    ''    /.    /r  /.'•  //  ,  j\ 

-  ■     /' '      -.f-   i-/     -r  ,f ;•{        -r 

/    "        'I  .       A       .'i  I  -I'     / 


i^ 


i     i"  :  ■"  *     p   '  =  h  ' 

■....;    .  .         :  :        I  : 


A  space  frame  is  a  long-spanning  three- 
dimensional  plate  structure  based  on  the 
rigidity  of  the  triangle  and  composed  of  linear 
elements  subject  only  to  axial  tension  or 
compression.  The  simplest  spatial  unit  of  a 
space  frame  is  a  tetrahedron  having  four  joints 
and  six  structural  members. 


Illustrated  are  three  of  the  many 
patterns  available. 
Typical  modules;  A\b\&,  12' 
(1220,1525,2440,5660) 


Square  Grid 


A 

y      //       1        \Jc       '/      i        La  LL      1  i\        / 

V-    ; 

lexagonal  Grid 


;       j    :    ;      j    :    ,  j 


C;      |.i 


Space  frames  may  be  constructed  of 
structural  steel  pipe,  tubing,  channels,  tees, 
orW-shapes, 


tf\ 


\  i    i  / 
\        / 

C 

Welded  connection 


Bolted  connection 


-/ 


Threaded  connections 


Fabricated  connectors  join  the  members, 
Consult  manufacturer  for  details,  module 
size,  and  allowable  spans. 
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...  .    •      '     tun  ■  the 

iy  for  a  spa    fi  m    -hi  ul<    .   •  ;i  ••■".'nearly 
?ure  that  it  acts  as  a  two-way  structure. 


•   fop  i  h  '0,    i|  p<  rt<  I 


!3<   torn      ■!•'  -uj  p<  rt«  I 


Four-point  cruciform 


Frame  capita! 


A  spaces     i    -!«it   ilways 

'      ■::.,,'.,;«:     .  ,  .  :i 


Increasing  th  b     ing  n  i 
oftbesiij ;-.    /   n<  ■    : 
tbenumbei  >  i  iembi  rs  into 

which  shi  ri  transl    reel 
andreduef    i     •  rcesinthe 
members. 


A  reinforced  concrete 
or  masonry  bearing  wail 
d\  •  ibul  •  Ml     iu  -pi   i  ,  < i  '■• 
along  a  line, 

i    !  bearing  plal       i< 
i      ssncrete  or  boni 


Interior  wal 


!  (terioi  cii 


Glazing  ni    occui  within  the 


pam 


Wood  panel  teaching  metal  roof 
de<  in  |  o    em  ni   ioi    rooi  "  ml  ; 
Slo|  i  *  i    im!  rfrai       rdrainai 
minimi   ,     /  ot  (1:50 


Depth 


m 


i/2C 


'•  'i  indj  rtitii  i 


Mechanical  services  such  as  piping, 
conduit,  and  ductwork  may  pass 
through  the  web  spaces, 
Noncombustibie  steel  construction 
may  be  I  least  20l 

'   ■  ■  inishfl   m;  consult 

the  buil  fin  or  re«  tii   nents, 


'  ■ ,    ■       •    odut 
Span  rang    or  a  umn   <  .,-. ,     ispao  frame 
50s  to  50' (9  to  24  m) 
Span  ran.    '        li-su        «     pacefrarni 
30'  to  130'  (9  to  59  m] 


Overhangs:  ■""" 
151  to  301  of  span 


I  2      gpEM-  |f¥Bj  S-'htc1  JM! 


I  ,-vi  7  t  m  )  utilizing  >pen  wel    t& 
joists  art   ...  ilari  i  layout  an  I  -  nstruction 
to  steel  joist  floo    y     i .  -  [     joisl     ^es 
and  fan  'ange    refer ti   ;  13  4,2 


To  resist  uplifting  wind  forces,  every 
joist  must  b<  >eci  rely  am  hored  to  its 
supporting  structure.  *—-—.__ 
Top  chortle;    nsion  or  roof  overtax 
ForKsei      |       >    h    »Vi  I  in<  n  ly 
exten  I! '  6" (1675)  with  mallowal  i. 
load  of  300  psf.  (1  psf  =  0.479  kPa). 


Joists  may  frame  into  a 
bearing  wall  rising  to  form 

apai  ip.  i  ir  bear  on  th^ 
wall  to  form  a  flush  or 
overhanging  roof  edge. 


1  oofi  i  jffleml  r j>    over  rigid  i  m 
or  lightweight  concrete  insulation; 
see  7.12  ft  r  latn  >1  issemblies. 
Roof  deck  may  consist  of  metal 
roof  decking,  plywood  panels, 
cementitious  roof  planks. 
Continuous  bearing  angle  for  roof 
,i  ( \  bolted  la  c<  n<  rel     rn  sonry 
it?  Iging  should  bi   tf< i  rely 
ant  hored  Do<  nd  wall. 


>3 


Reinforced  concrete  or 
masonrv      rinci  wall 


H  •>,  .   .  <!  ,     igonall  idgin.  ;  ■  ''mind  to 
P   \  m  latei  i  io'  mentoi  joi  I   hoc 
Bridging  is  speed  from  10'  to  20'  (oOoO  to  8035) 
o.c,  depending  on  joisl  .pai    nd<  h  rdeli 
Horizontal!  ridging  ingle*  fo  Kserii    joi  -!*. 
are  welded !    top  an  I  bottom  chords, 
i'i  igonalbrh  ging  ingles foi  i  H/DI  H  erie:  j<  i  »ts:  - 
weld  or  boll  brid  *-fi  (toi  li|    nglessei  uredto 
m  i  om  ;  .•  illoi    teel  dg<  b  mi 


Joist  spacing     -can  of  roof 
dei  king  panels,  oi  pi  ml  . 
4'  to  10*  (1220  to  5050) 
spacing  typical 
l<   il  ;p  n  hould  \o     a 
24  x  joist  depth 

Steel  beam  or  joist  girders 


\o\    \\d\   tl    i  chord  parallel 
required  roof  slope  may  be 
achieved  by  ihorti  i  ingsomeof 
i.r  joist   tipportsa  id     pin  t 
the  joists,  or  by  tapering  the 
rating  I  the  roof  deel 


LH/DLH  series  LH  and  DLH  joists 
are  available  with  single  or  double 
pitch  top  chords. 

\o\  i  lordpil  h  ■<  om 

Top  chord  pitched  two  ways 
51  ndardslopt  is  ;  "per fool 
(1:100). 
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!       (be,     -    liatewh 
■    I      embedd  din  wall. 
5/&"  (10)0  steel  bar  0" 
(205)  long;  for  LH/DLH 

ses  esjoi  in<  hoi  vw 
oM"  (19)  0  steel  bar  12" 
(505)  long. 

Minimum  bearing  length: 
4"  to  6"  (100  to  150)  for 
I  erie;  joi  i.  6"  to  12" 
(150  to  505}  for  LH/DLH 

series  joists 


Pciropet:  Bearing 


i  f 


h  it  ihingn  [uiremen  ■    ee  7,1  J—7.20.  *  Precast  con     te  or  metal  copin 

■  firing  i  i  i  bi  n  over  i  dfoam  see  7.19, 

nsulati     >rli<    w     it  in  ulating  •  Continui   sb<     ngan  ieforedge 
concrete  fill  — ..^  of  decking  bolted  to  wall 

l<    ilroi   4  ;king  -^  x\ 


• .  i,  sm  hi  dmayi  i  nd 
H    !  v  i     iling 


l*  Horizoi    iloi  ii  c  n  ilbridgin  j weld  di 
boll  d  to    i  >an<  ■     nchored  :■    i  d  waill 

Porapel;  End  Wall 


Secure  every  rool  joi  ;1 
to  a  steel  bearing  plate 
anchored  in  a  continuous 
r< it ;/' .  <  i'  (  asam,  — 
Two  ]lf  (13)0  anchor 
bolts;  for  LH/DLH  series 
joists,  use  two  5/4"  (19)0 
anchor  bolts,  .^_ 


Flush  Edge;  Bearing  Will 


i  linfmui  be    i  igl  ..-.  ! ; 
2-V2"  (65)  for  K  series 
joists;  4"  (100)  for  LH/ 
PIH  series  joists 
Two  V  (54)  fillet  welds  1" 
(25)  long  or  V2"  (13)  0  bolt 
For  LH/DI  ls<      -joi 
two  Vs"  (57)  fillet  welds  2" 
(51)  long  or  two  3A"  (19)  0 
bo  "■ 


Metal  gravel  stop  and  fascia 
Met  frool  deck!  igi  •  >ecure  I  to 

II  «u  )poi    >  with  pi  die  welds  or 

id  iiani  if  fa  tei  -ii 


\Z 


Double  treated  wood  plate:  " ~~- 

secure  W/V211  (13)  o  anchor  bolts 

* '   :!.       )(     m;  xitni  1 1 
Continuou  *  bearing  angie  for 

',.'    •'  b  in  bolted  to  wail  ~~~ 


*  Reinforced  bond  beam   — — —- — 

**  Horizonl  il  •  diagonal  bridgi  gw  :ldedoi 
i^.t  :d  u  clip  ngli     ncboi  1  i>  ;ndwal 

flush  Edge:  End  Wall 


so    ;  i  s  rii  (  e  .  cu1     0  evei  :e 
Expansion  bol    hr  ug    loi  ed  hole  in 
•  i  pportini    ;.  I  inejfe  — — -^ 

'S;  1I1    ■  i1  nl   edae  of  concrete  i  I  - 


rpsS 


M    •!  natcl    1  r 
Fii  «. ,  i ma,     e 


Structural  Steel  Frame 


Parapet  Wal 


4     fP!IM  ,?w»F  P«p:^IflM^ 


Mel  I  roof  decking  *  orrug  ted  t<  n<  n  i  >eitssti  fin  an  it-  ity  to  span 
m  K  ,f.  n  w  b  >''((  jot  ts<  i  mor:  ■. ']  1.  pac<  Is1  :el  beam:  md  to  erv 
as  a  base  for  thermal  insulation  and  membrane  roofing. 


—s   fhed    kin^  panel    n   puddle-welded  or  m:  hanicall^   istenedtothe 
supporting  >teel  joist  -or beams, 

*  The  panels  are  fastened  to  each  other  along  their  sides  with  screws,  welds, 
or  button  punching  standing:  ;anm. 

*  H  Ik  le<    istoserw   s  is1  'i  etui  tldi,  ph  i  m  md  i   in  >l  rlatei  ilload: 
to  shear  walls,  its  entii   perimeter  must  be  welded  to  steel  upports.  In 
idditiom  mon  >trii  jent  requirements  fo!  mpport    id  side  lap  fastening 
may  apply. 

^   M       n  >1  le<  king    <  wim<  i  ly  j  e  Iwithi  u1  i  oi  i  tetop  ing,  requiring 
structural  wood  or  cementitious  panel  >  or  rigid  foam  insulation  panels  to 
bridge  the  gaps  in  th  corrugation  and  provid:  i  mootl  firm  surface  for  the 
th  rmalin  il  \t\or\i  ndm  :  !"  1 1 ;  roofing 

— •    fopn  v\d    :,  i  rem  i:  urfaci  in  .  fo  the <  !  « tiv<  idhesi  mi  frigid 
foam  insulation,  the  top  flange  should     wid    nd  lal  I  th<  I    king 
ha:   stiffening  groov   ,  th  in:  i  t;i  o  il  ly  i  m<  ;ha>    to bt  rm  <  bant   li>, 
fastened, 
5   iv     ildecki  igh  i:  k  ■  apo  [  <  m<  incebul   -    ius<  rfth:  m  n , 
disc  mil  iin    •■    I;  tween  th  panel  J1  i-  nol  •  rtighl  11  n  ar  barrier 
i  n  |u  '.'"•.    vi  ti.  thi  nigi  il  mo\   i<  i  tut     ip  »i  n  -  tin  roofin  j 

ibly    conci    •  ■•  ppingi   n  be  used  H\  n  ilightweighl  in  ml  ting 
concrete-fill    used    I.  ieckingn   y  have  peri    ated  vents  for  the  release 
of  las  ni  nil '  tun  and    ip  "pressure, 

Ribbed  Roof  Decking 

^  6"  (150) 

-  1-7?."  (5a)  depth  spans  4!  to  9s  (1220  to  2745) 
^  24",  30",  36"  (610, 760. 915) 

1  ibi  d  Ro<    :     I  ini 
■-  ft"  (205) 

*  3"  and  4  Jlf  (75  and  115)  depths  span  &  to  W  (2440  to  4575) 
x   12",  24"  (305,610) 

Cellular  Roof  Decking 

-  6"  (150) 

-  3"  (75)  depth  spans  10'  to  20'  (5050  to  6095) 
/•  24"  (610) 


'  "  it      m  fdeekingu    <     «asou  id  ibsi  rb  igceilingcon  iin  >gl  i   «fil  i 
betw    n  the  j  erforated  '  :b »  '1  ribbi  1  leeki  igoi  ii  i  i<  p,  rfoi  itedcelh  oi 
cellular  decking. 

Decking  profiles  v  y.  Con   il  manirl    turerfoi  ivailabl  profiles,  lengtl 
gau  |(    allow  i  le  -pan    md  in  i    latioi  di  I  ills 


CS!  Masterformot  0!  30  00  Metal  Decking 


Cernentitiou:  rod  (  i  saremanu 
cement,  ii.  J  i  "  \\  j§re§ate,an, 
cja    nized  k  id     vii   fabrii  reinfc 


-  9!  to  12' (27    i       500)  lengths 

/  16" and \   '"\  '   ■  •    AO)   i  Ith  .typical 


These  nor  o\  bust!  •!-  («<>  planks  m  /s  in 
-  m"  i steel  oh      I    ms, and  |  irlii     ii  I 
secured  vi1  \  q  ilv  inized     •  'I  clips.  — — — —^' 
n     o  I  p  .i!'  |  fwi<      nail  blel    eff  'mo  \  q 
shingles  or  tiles. 

An  acoustit  iltn  ii  n  n1 ;  •  /  be  <  istinthe 
1  ndei  i !    met!  fl     po;  ed  is  theceili  ig  Pint  I 


IM '  i> 

*  2"(t 

(315  to  1525); 

*  5"  (75)  thh  n  >,      in  pan  4' to  7 
(1220  to  2155); 

*  4"  (100)  thii  krif  -     it  3pan5!to6' 
(1525  to  2440). 

i  >ngu    i  id  groov   :d  je:  m  i ' 
be  reinforced  with  galvanized 
steel  channels, 

Channel  I  ibsh  wt :  ( (25)  neb 
thicknessand  thickened  ed^es  to  span 
longer  distances. 
.  •  thickn     i 

*  !  .-1  (70)edgf  thicknes  c,  n  >pan 
4' to  7  (1220  to  2135) 

*  3-Vz"  (!  0)    i "     icki       can  span 
7  to  9'  (2155  to  2745) 

*  4"  (100)  <vf   hicknes  <    i span 
9' to  12*  (2745  to  5660) 


5'to12'  (1525  to  5660)  lengths 
245  50",  45"  (010, 760,1220)  widths 


Cementiii:>;  r<  >fplani    may  also  i  >nsi  t  of  wood  fibers 
thatarech  n  call;   »"■■ .  >   d,  idb  nd«  !,'i  erpressure 
vithpo  i1 .  .  1 5m<  n1  '4         icturalplai     ca  b 
used  to  span  wood  »i  »teelrooff>a  iing  nd  serve  as  roof 

i  i  hingoi  i  p<    nai  en     >n    '<  2  ft  i    .  »■  reteslab; 

he   m  i     ides  may  be  left  expos<         n  c<    > 
ceiling.  Th    ha1     !    malan      ou  itic  n  til    <•  n  \m  , 
mayb    i  >ed'm  ii    •  si:     i1    >i      i   tion 


[  ii  tii  -  -■  ; 

•  2"  (51)  thiol     ■  t  in  span  up  to 
5' (915); 

'    !-1/2"  (64) thickn     «    i  panupto 
3' -6"  (1065); 

•  3"  (75)  thicks      i    ispanupto 
4(1220); 

s  dJIf{  *0) thickne  >c  i  .panupto 
4' -6"  (1370); 

•  7'' i"  '  •; ,    ,        n    m  t. 
5' (1525), 
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BAFT  KB  I  ft  A  Hi  16 


Hip  is  the  inclined  prop  ting 
angle  formed  by  thejunction 
oftwoadja  i  n1  -loping 
sides  of  a  roof,  x  / 


Roof  Terminology 

"•  Ridge  is  the  horizontal  line  of  in  I  ersection  at  the  top 
b<  ween  two  loping  planes  of  a  roof. 

"•  Dorm*  rsaref  rejecting:  tri  •  •  r<  >buil1  j1  from  !  .loping 
woi  mdl      ing    v"  tica  wind*  wi  rvt  n1  i  +  ,>  glouv  i 

■*  Gable  is  the  triangular  portion  of  wall  enclosing  the  end  of 
i  pitched  rool  from  ridge  to  eave: 

-  Rake  is  tl    inclined,  u  lally  projecting  edg^  )fa  sloping  roof, 


1  hedisarof   h mngasingf  slope. 


-  Eaveisthf  ■'    I  mg  ig  lower  .dec    I  a  roof. 
•  Soffil  i!  thi  un  hi  idi  •  fanov  f  ranging  rool  i  iv< 


Valley  is  an  intersection  of 
!■•  oi'ni  lined  oo  urf  ice  < 
o   ird  which   lim  it<  i  -I  , 


1 1  bl<  |  oo  s 

Gable  roofs  slopi  downward  in  two  pari  afro  i  i  central  ridge, 

so  as  to  form  i  \M  a1  each  end. 


a 


I  ii  :    mm  li:  a  ion  trui  tus  I  horiz  >n1  il  n  nl  •  towht ; 
u  )p  rend     i  th<  n  fti  -   it    ili  ined  m J ,' "  ten  d 

Common  rafters  extend  from  a  wall  plate  to  a  ridge  board  or 
■  •'•;■,  i  n  ndsi  pportth    hi  ithing,  ndcow   ngol  i roof. 
Collar  ties  unfl    two  opposing  raftet    it  a  point  below  the 
ridge,  usually  in  Ik  uppe  third  oi  the  rafter  length. 

fh  1  esth  i1  r  >is1  Dh<  outw  ird  thrust  of  the  rafters  may 

b<  de:  ign<  I  i    <  lingji  i  I     up  w1  ig  ml    ,    i  l«  id  >oi  u 

floor  joist:    upporting  habitable  space, 

I  ifti  r  .pan 

Lo«  dl    iring .  ilioi  b  am 


Knee  walls  ire  short  walls 
supporting  rafters  at  some 
intermediate  position  along 
their  length.   — ~ 


idgi  be  nisa  »trui  turalh  ^rizonl  ilmen  b<  t  supportii  g  hi 
upper  ends  ( ft  ifl  rsat  th<  i  v.  of  a  roof, 
f  aftei  ties  bet  v(  n  t\\t  >  terioi  wall  >,  It  n    u|  pot   -  in 

not  required. 

With  suit,  i  n1  hi  idn  om  n  iturallt  i1    i  id  w  itilati  m 
an  spa  ;em  \\  b  \  ibh  bi 


>eam  i  loa <  earing  w  ! 
I  ifti  •  |   n 


Valli  ;;e  !    .  I  md  froi  i 
valley rafi     to    ■, ;    ,: 
Valley  rafters  connect 
,i.  >th 

plati  alon.    valley,    -^ 


Hip  Roofs 

Hiproof  ft         pingei      ind  sides  m    ting  at  an 
inclined  projecting  angle. 

-*  Rid  §e  board 

-  Common  rafters 

-  Hip  raft      on        junctii     f  the  si  iping  sides 
of  a  hip  roof. 

*  jack  i  • !     is  any  rafter  thai       101    rthanthe 
Full  length  of  th     <     lo       » one  meeting  a  hij 
era  valley, 

}  Hipjacl      .  ,i.   rafter:  ex   ndii  j  from  a  wall 
plate  to  a  hip  rafter. 


icimbrel  Roofs 

ibrel      fsai  lonea     >ideintoa 

hallowerslop   ibovi  a  beeper  one. 

Ridge  board 

Puriin 

Common  rafters 


Ceiling  joists  - 
and  floor  joists  ^ 
serve  as  rafter  ties, 
ka  nsorlo    ,    rinci  valb 


Ra  S<  span  > 


Flat  Roofs 

1  •     .  •      reframedi      1   nnei  simil  r  to  floor 
joist  framing;  see  4.26, 

-*  Roofjoists 

-  Donbli  trimm    j< ; 

*  The  req  1       •  ft  !  .    mayb   .<  hii s     !  / 

horteni        n         te  joist  supports  and 
sloping  the  oi    >,(    i    ;  .     ngtl    insulating 

layer  01  the  roof  deck, 


koutraftc        ppoi     he  roof  1    rhanej 


1|         fljfiPf.  WAlI«n?    MlDjfr    [.p%Hif, 


Steel  joist  roof  rafter 

Angle  clip       — 

Nested  steel  joists 
form  ridge,   '     ~~~ 


Roofs  and  ceilings  may  be  constructed 
with  light,  gauge  st<  t  I  members  in  a  manner 
similar  to  wood  light  frame  construction; 
see6  19  6,Z   Fhi  li  jh  gaugf   tt  i 
members  may  also  be  screwed  or  welded 
togetherto  form  roof  trusses  similar  to 
those  described  on  629. 


I        I 


SA 


Light  g  mm  >te  Ijou  1  set  tion:  s  sa  r 

i  iftei  ;se<  4  A 'mm  types  ind  sizes  of 


lighl  gaug^  steel  \oh  t; 
Rafters  an   yj  k  illy  spaced  at  12",  16", 
or  24"  (505, 405, 610)  o.c,  depending 
on  the  magnitude  of  roof  loads  and  the 
<i«  nningcapa  'ilityoi  h  ;roof  sheathing 


Steel  studs 
frame  gable  end. 


Crippl    - 
Double  he 


Valley  rafter  - — -H 

Valley  jack  • 

Double  trimmer  rafter 

Dormer  ridge 

and  rafters  -— -—""" 

Side  stud  • ~-- 

Corner  post  • — — — - 

Double-header  -~— 
Tail  rafter  - — — — 
Common  rafter — . 


Gable  Dormer 


!  .* '  endw  >ic!  Ion  i<  r 
may  also  k  lit    lly  ibove 
and  bf  af  exten  ion  of  the 
exterior  wall  a  •  llustrated 
iA/ithtl     >hed<  irmi 


ic   \\ 

T\. 

m  Steel  joi  A  i  iftet 

^/m\\       \  X^-i 

/f  1  mxx^  \  \i 

^  Steel  ceiling  joist 

s  ;   \        \\ 

—— .  Anchor  clips  secure  both  rafters  and 

p^^S^x 

ceiling  joists  to  the  top  runner  of  the 

stud  wall  framing, 

y  Sofffl  i  imedwithli  )h1   j    m  steelstud 

sections 

Common  rafters 

•  Ridge     -■ 

of  shed  roof   *-~—^ 

^m^V¥S%^S\    W    \ \ 

Double  trimmer  rafter -^ 

Nailer  to  carry 

-'■Jh             \\     \\ 

roof  sheathing     _   , 

I  ~- , 

...         J                     .    .         •/.'•.     *,..\      \  * 

-      Li 


I    J 


Common  rafter 
Floorjoists  . 


\  %/  \  s 
V\  \  % 

t'S        :  , 


\\\ 


fffJiil 


j  ilN 


Wall  framing  rests  on  top 
plate  of  exterior  stud  wall. 


Shed  Dormer 
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See  8,16-6,17  for  light  frame  roof  forms  and  terminology. 


oo\  •  rui  i  ires  fi    ned\  ithv    i<  rafters  a     n « 

il  <y  tern  H  m  <  dii  j hi  fi  me  con  ti  «  tii  n  fh    ina  n  >'u  • 

I  mbi  i    ?ed  for  roof  joists  and  ra      s  isea  ii\  '■-  »rl     ai 
can  be  qui-  h    >eemb\ed    fsite    thsii  pie  tools, 


Ridge  memb    -  uppi  rting  rafter; 
h  ving    slop  of  les   than  3:12 
must  be  fi'--  gned  as  beams.  --^ 


i     ■  ,'i  .i   ,      co     meted  with 
I<  oh  stsfram  lint   :.'  uble  common 
•  !    i   ndl  arin    »ntl      pplateol 
h  gabl  <  id  wall 

Bargeorfly  'afl  rs  iretl  e  md  rafters 
in  the  part  of  ,10.  bi  roof  ti  t  projects 
beyond  the  gable  wall. 

'•-.  foj     in    ai    ■  .  ■     n  imanm 
similar  to  fl  wjoi      , .  nin<  ;se<  4.31, 


(  ill  k     !  li 
Double  i  if    i  hoi  s(n    :nin< 


a 


^\l 


','!,.  »p  n  .  iges 

•  2x8  can  span  upto  10s  (5050); 

•  2x5   can  span  up  to  141  (4285 

•  2x10  can  span  upto  18'  (4675); 

•  2x12  can  span  up  to  22'  (6705), 

•  !    ftei  spansai  ; related  iothe 

i  latitude  of,  p|  lied  It  id:  the  rafter 
sizeaiid  p  i  irii  i  id  th  pec  i  d 
grade  of  lumber  used. 

•  Rafter;  m  lyl    ovei    zed  U 

i(  omi  o  it;  thera  uir  d     i  lal 
insulation  and  provide  space  for 
ventilating  the  concealed  roof  spaces,  ' 

•  Consul    i   iuI  •  turei  '  \  wiesmd 
span  *  of  laminated    i    i  lumber  joists 


■lopii  ;  aft<  *  md i!  E  roof joi  >.•  as 
typi    il-  o\  olid  sawn  2  li  ruber,  but 
l-joists  and  lat  lin  il  .   (eneei  lumber  may 
also  be  used. 

e  «i     .  md  'oofjoisl     rety  »i<  II5   pa<  '] 
at  12'' 16",  or  24"  (305, 405.810)0,0,, 
li  £  i/!i  i  i     \'\  11 1    '1  idt  of  roof  I  >ad 
and  the;  p,  nning  capability  of  the  roof 
sheathing. 


•  I3ecaus    oo*  ligbl  fi  imin :  s  combustible, 
itmusl  1'  I.    iro<  Ping  in.    eilin  imati ri il 
for  its  fire  resi  .'-.nee  rating, 

—  Rool  ihi   thing    ee& 

— *   rhe :    ■  -j  :  r  !•    '   «"<■  ■  ht     in  1 
to  decays  ap  e\    :ntil    i<    to  control 
on     i    Dion  n      lo       ool    >a< 
y  See)  :,  foi  .:  rmalin  mlation  frooi  >. 


ilin  lis!  usual!  ipliei  directly 
i  ••  undersh  froofraftei  ,  •  •  ilin  , 
joists. 

If  ceiling  joi;  •        used,  atti    face  may 

mod  .    hani    (equip!    1 


CSi  "'•  .  -a  .    •  -     ough  Carpentn 
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Ventilation  at  the  peak  of  a  roof  may  be 
provided  witl  acontinuom  ridge  'ent  — 
orbylouvered    ;n  :  inth<  gal  ei  nd  walls; 
660  7.47. 


Ridge  board  k '(  •    aft<  realigned 
during  construction;  1x  materia! 
minimum;  2x  materia!  is  better 
Ridge  board  hould  b    i    leep 
the  plumb  cuts  at  the  upper  ends 
of  the  rafters. 


Faci  n  id  fiV<  \0d  ind  e  < f  n'l 
two  16d  toea<  h  ide,  or  use 

sheet-metal  framine  anchor 


Ridge 


^ 


Collar  tk  » bind  pair:  ofi  iftei  - 
together  and  help  thi  m  resist 
uplift  in  high  winds. 
1x6  or  1xo;  use  2x  if  ceiling  is 
ittached  Set  ur  lot  ich rafter 
withthi     \Odo\    1 1  ■  ! 
Rafters  as      i    d  pposttf  each 
other  at  fh      ■  ••  bo,  id.  lair  or 
toenail,  two  10d  for  1x  ridge  or  two 
I6d  for  bridge. 


Eave  Attach  menl 


i  uil  !<r  [  cod 


nay  req 


uin   tea  I  m<  hi  r 


traps  to  i    ;  i  uplifti  1 1  win l  ft  'c< 


Critical  depth  of  rafters  -^^ 

''mi'  moutl  '    i  ighl  mgled 
notch  cut  on  the  underside  of  a 
1  ift  jrtofitovei    b<  an  or  the 
top  plat  of,  stud  wall  frame. 


Seat  cut  is  a  horizontal  cut  at  the  lower 
nd  >\  ii  fterthal  i||<  >.      to  rest  on 

and  be  connected  to  a  beam  or  the  top 

plate  of  a  stud  wall  frame,  -^ 


/ 

a  2x  ledger  to  studs 
or  let  in  a  1x  ledger  where 
rafters  franc  into  a  stud  wall 

Secure  single  plate  w/  16d  § 

4"  (100)  o.c.  Midi  ereai  hjoi; 

Subflooring 

Atti(  flooi  orci  ling  \o\  ; 


1  aw  o,  tail    i ei  21 


Rafters  ma^  ^  iron  thi 
double  top  plate  of  a  stud  wai 
or  on  a  single  plate  — -"^ 
when  attic  floor  joists  are 
supported  by  the  stud  wall. 


Solid  blocking 
Double  top  plate 
tud  rail  Ii  ii  h 


Ecivi  Support  Conditions 


U         1      i 


:  •  ;   iiii  n<     ./.  boar, 

fa  clati  i.    ninal    the 
end  of  th      'e  fascia    i( 
gutt  l 

Irake  /ith,  n  '  n 
eave  soffit 

Rake  trim  indb  ro-eboard 
m  iy  be  terminated  by  i 
cornice  return. 
/  Acorni  ;e  return  extends 

"r    i       ,|        3(ld     >Ofl    I 

around  the  corner  and  turns 
into  the  gable  end  wall 


II     impi  i.  n1  tocof  ■,   r  how  the  ro<  I    i  * 
d<    ill  tun    th     irnerandi  ie<  ts  the  i  '.,.'.  t  i 


Roof  sheathing 

Blocking  ^-^ 

Gable  end  wad 

framing ^ 

.._„,,„ 

Closed  lab 


^  Metal  drip  dge 

•  Coordinate  rake  trim  and 
baseboard  wi  h  ave  fascia 
and  gutter  detail, 

-  Bargebo  ,  ,    ten<    I 

i  fon  idri  >  rt  tirm 
carved  h  •  ornamental 
effect, 

-  Fly  rafter 

-*  Lookout  rafter 
•*  Soffit  ?f  ply  'oodort&g 
boards 

-  Frieze  board 


Blocking  w/ 
screened  vent 

holes   -—■~— 


Exposed  rafters 


Rafter  tails  may 
extend  and  be  cut 
in  an  ornamental 
manner,  — 


Exposed  Rafters 


*"•  Common!  ifters 

•  Fop  plate  of  stud 
wait  frame  ^/ 

•  2xledejer 

•  Frieze  board  ~^_ 

•  Continuous 
screened  or 

:  lotted  venl  strip 

Wide  Vented  Soffit 


1  ,•  n     *thel  road 

fl  ■    iuii     go  i  li 

outer  edge  of  a  roof. 
Header 


oi  i  -  hf  raima 


rascia  ^ 

Header 

Lookout 

■Off      "    .-1      "I-!, J 

t&g  boards 


^  Roof  shea  hin , 

-  Metal  rip  <    , 

/  Rake  trim 

;  I  iezel  >ard 


'.'  -.I  .«,;•  ii  ci : 
to  i     i         ffitof 
•lywooi      '''<•''   r. 


•  i  >mm<    i  liter  ||! 

•  Blocking  —A      | 

•  Gable  end  wall  4-**  1 1 


Cooi    :  .   i       rin    n< 
frieze  board    tin  iw 
fascia  and  autter  detail 


Vail  hi   thing 

rieze  i  ard 


Continuous  screened 
'i    lotted  v  nt  strip 


Rake  Overhang 


Morrow  tinted  Soffit 


Similar  to  a  wide  vented  soffit 


■Vi^i'y:  mill:  ?t"ASIiIW« 


Metal  or  precast 
concrete  coping 
Masonry  parapet; 
ft"  (205)  minimum 
Flashing;  see  7,19. 


Roof  joists;  3"  (75) 
minimum  bearing 
Pressure-treated  top 
plates  anchored  we/1/?'1 
(15)  0  anchor  bolts  #  nc 
more  than  &  (1850)  o.c 
CMU  wall 


>f  joists 


Steel  strap  anchors  § 
&  (1525)  o,c.  maximum 
Minimum  5x5  ledger  bolted 
to  reinforced  concrete  or 
masonry  wall 
Bond  beam  reinforcement 


Wood  or  metal  coping 
Flashing  see  7.19. 


m£      *    KOOT  \on 


1x  ledger  let  into  studs 
Continuous  studs  of  wood 
framed  wall 


Parapets 


Consult  the  building 

code  for  height  and 

fire-resistance 

requirements. 


Fasten  joists  to  plate 
with  sheet  -metal  framing 
anchors  or  toenail,  three 
&dortw\6d  each  side  . 
Single  or  double  top  plate 
anchored  to  reinforced 
concrete  or  masonry 
bond  beam 


f     \            ; 

/       \          I 

|      ^  thermal  insulation 

I "" ' *  Continuous  screened  or 

slotted  vent  strip 

■  ■     -  Wood  stud  wall  framing 

Enclosed  roof  spaces 
require  ventilation  to 
prevent  condensation; 
see  7,47. 


Flush  edge  conditions  do  not 
protect  exterior  wall  from 
weather  and  are  especially 
susceptible  to  leaking. 


Flat  Roof  Joists 


i    ath  >:    ear  woo    >rli§h1   jauge  metal  raf       I  'pically 
con  istsof  APA  rated  plywood  01  icnvene  red  wood  panels 
The  panels  nhance  the  stiffi        ftto      i.      imingand 
provide  a  didbas  fo  tl  ia|  'Ik  itioi  ofv  ri  us  roofing 
materials  Sh  al    wq  mdun !       merit  require!      •  should 
i    .  i.e.' i  I;  I-  ; with th  re<  on  menda  ioi  3  >fth<  ,  -"  in 
manufacturer,  In     rip ■  lim  <!"  i«      ib  i    to bl   .  i  I 

-  ndition     paci  Isb<   !i,i  ■  ,'■■  1x4 <    1x6  I  >!      maybe 
u     *    >!i     od  shingle  or  shake  i  o\  nq     ,    04  -7,05, 


Panel 

Panel 
Thkliiess 

Maximum  Span  in  inches  (mm) 

Span 

w/  edge  support 

w/o  edge  support 

Iflting 

inch  fmmS 

12/0 

5/l6  (5) 

12(305) 

16/0 

5M%(S,10) 

16(405) 

20/0 

5/i6  5/e  (5  10) 

20(510) 
24(610) 

I  [10 

3/d  (10) 

10(405) 

24/0 

1/2(13) 

24(610) 

24(010) 

32/16 

72s  5/s  (15, 18) 

32(515) 

25(710) 

40/20 

5/&,3/4,7/fi(16,19,22) 

40(1015) 

52(515) 

45/24 

3/4,7/s  (19,22) 

45  (1220) 

56(915) 

fl    '  p  n  rating  <  f,  panel  an  be  letei  met  >  omit   2.  ntifying  |i  de  >   nij 

Thetableabovi  assum  s  that  th  panels  ire  laid  continuously  over  two  or  more 
spans  with  their  long  dimension  perpendiculai  ;oth/  »uppoi      indca|   bleoi 
carrying  30  p  fliv    '  •    rid  10  ?s1   euWoad     •       0  179  kPa. 


Nasi  §  6F!  (150)  o,e,  around  edges' 
and  #12"  (305)  o.c.  alon§ 
intermediate  supports,    •— -^ 
Use  6d  common  or  ring-shank 
nails  for  panels  up  to  7/2"  (15) 
thick  and   d  for  p        '7  "to  1" 
(10  to  25)  thick. 

1  otei  t  d§    )fl   pi  -arc  land 

2  panels  ae  in  it  exposure  to 
veather,  or  use   (terior-f    k 

jy,      V|,  ,    ,     jdgcj 


U/ 


Exterii    r;  -0  %  a  o<  ,01  i  ,  0:  un 

1  (exterior  glue)  or  Exposure  2 
(intermedi  I   glut )  panels 
Direction  ol  1 1<  egrai  pe  n  idicularto 
framing 

Edges  may  I    .  1,  pi  rtedwitl  panel  clips, 
bto  :ii  j.  ii  tongue  md  -  roov<  joint; 

;  .  ,  I  ndjoii  »;spai  1.  >  >  /  "(3) 
unless  othei  si.,<  recommended  by  panel 
manufacturer, 

Soffit  panel    '  nice    >f<  tenor-grade 
p\  wo 


CSI  ••. ■  i  ,    rmol  0    \(    0    ii  itfiina 


wflw-Ah  [r 


£M&-^.*$  PS,4-iJl 


Beam  spacing  =  span  of  wood  decking; 
4' to  0' (1220  to  2440)  typical 

The  guidelines  on  4,40  may  be  used  to 
estimate  the  span  of  wood  decking. 
Underside  of  decking  may  be  left 
exposed  as  a  finished  ceiling. 
Other  options; 

•  2-4-1  plywood 

•  Prefabricated  composite  or 
stressed-skin  panels  ~~^£~ 

•  Cementitious  roof  planks         / 


Wood  plank~and-beam  roof  systems  typically  use 
the  same  supporting  grid  of  posts  or  columns  as  do 
plank-and-beam  floor  systems.  See  4,35  and  5.50, 

•  Roof  beams  may  be  supported  by: 

•  Timber,  steel  or  concrete  columns 

•  Timber  or  steel  girders 

•  A  reinforced  concrete  or 
masonry  bearing  wall 

-  Bearing  area  should  be  sufficient  to  ensure  the 
allowable  compressive  stresses  of  the  beam  and 
4    bearina  material  are  not  exceeded, 


Overhangs  possible;  limit  to  ]k  of  backspan 
The  structural  frame  requires  bracing  of  the 
wall  floor,  and  roof  planes  against  lateral  wind 
and  seismic  forces. 


f3eamspan  — ' 

Rule  of  thumb  for  estimating  the 
depth  of  a  beam; 

Solid  sawn  wood  beams;  span/15;   -~ 
beam  width  =  Vs  to  Vz  of  beam  depth 
Gluedaminated  beams;  span/20;  •  ^ 
beam  width  =  'At  to  xh  of  beam  depth 
The  required  size  of  a  wood  beam  is 
directly  related  to  the  magnitude  of 
the  roof  load,  the  species  and  grade 
of  lumber  used,  and  the  beam  spacing 
and  span. 


f\      / 

y 

; 

The  plank-and-beam  framing  is  often  left 
exposed  to  the  interior  with  rigid  thermal 
insulation  being  applied  over  the  roof  deck  and 
a  vapor  retarder.  Exposed  structures  require 
thoughtful  detailing  of  connections.,  the  use  of 
quality  materials,  and  careful  workmanship. 
Flank-and-beam  framing  offers  no  concealed 
spaces  for  overhead  ductwork,  pipes,  or  wiring, 
except  when  a  layered  structure  or  efacecl 
structural  members  are  used, 
Plan  hand -beam  framing  may  qualify  as 
heavy  timber  construction  if  the  structure  is 
supported  by  noncombustible,  fire-resistive 
exterior  walls  and  the  wood  members  and 
decking  meet  the  minimum  size  requirements 
specified  in  the  building  code, 
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There  are  alternatives  for  how  a  plank-and-bearri  roof  structur 
can  be  framed,  depending  on  the  direction  and  spacing  of  the 

roof  beams,  the  elements  used  to  span  the  beam  spacing,  and 
the  overall  depth  of  the  construction  assembly. 


)f  decking 
rf  beams 


Roof  beams 
Purlins 
Roof  decking 


The  roof  beams  may  be  spaced  4'  to  ft'  (1220  to  2440)  o,c.  and  spanned 
with  solid  or  glue-laminated  wood  decking.  The  beams  may  be  supported 
by  girders,  columns,  or  a  reinforced  concrete  or  masonry  bearing  wall 


In  this  two-layer  system,  the  roof  beams  may  be  spaced  further 
apart  and  support  a  series  of  purlins.  These  purlins,  in  turn,  are 
spanned  with  wood  decking  or  a  rigid,  sheet  roofing  material, 


Roof  learns  Parallel  with  Slope 


Roof  beams 
Roof  decking 
or  secondary 
beams 


In  this  example  of  a  two-layer  structure, 
the  roof  beams  supports  conventional 
system  of  wood  rafters. 


The  roof  beams  may  be  spaced  dose  enough  to  be  spanned 
with  mod  decking.  Spaced  further  apart,  the  beams  can 
support  a  series  of  secondary  beams  parallel  with  the  slope, 


Roof  Beams  Perpendicular  to  Slope 
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'MOD  t'^ST-BEAHl  CMNNKCTION 


For  slopes  of  4:12  or  greater, 
use  back-to-back  shear  plates 
w/  a  through-bolt  and  washers 
counterbored  into  beams,  - — . 


I  i «,     oni  j  i  ii 


f  )i  flattet  kpt  suse  > 
metal  strap  or  plate  to  tie 
beams  together  @  ridge. 


olid  wo*  lb  am  > 


V 


\  \ 


\ 


^ 


Plate 


Wood  P 


Spaced  mod  beam 
Solid  wood  beam  - 
Spaced  wood  tie 
or  ceiling  joist  — 
Solid  wood  tie  or 
filing  joist 


A" 


B1 


Post-Beam  Connection 


Mldinq  code  may 
require  metal    raj 
to  secure  post- 
beam  connection 
against  uplifting 
wind  forces. 


\ 


io\ 


0> 

.awi 


I 


Metal  tie  straf 
or  gusset  -— 
Metal  framing 
ii  gl  'I'm   \ 
sides  oi  bi  am 


>pa  'i    ood  b(  'p 


■    I- Beam    inne<    • 


Plate 

Solid  wood  posts 


Wood  post 


Post-Beam  Connection 


Diagonal  bract  to 

support  overhang 


Solid  wood  beam 
Spaced  wood  pos 
Solid  blocking  _ 


Connections  may  be 
made  w/ through-bolts;  if 
inadequati  space  exist  > 
for  the  number  of  bolts 
required,  use  a  split-ring 
connector,  See  5,49. 


The  ends  of  roof  beams 
may  be  shaped  for 
ornamental  effect;  do 
not  expose  end  grain  to 
weather. 


Spai  -,!•/.  od  beam 


K 


—*  13 u i It-u p  post  w/  middle 

member  continuous 


Post-Beam  Connection 


Post-Beom  Connection 


i.  ,    bat    onnecto  •w/ 
alkmq  \   i  I 
counterbored  into  beams. 
-    ,  .   I  i       ■  i  .   ross 


■  in<  i 
>te\  e 
nnsub 


insulation  over  vapor  retaraer 
ateriaimi      <     cured  w/ 
Ion  j  toi  •  il    .  ni  r,    ; through 
don  and v  !  i  /-''king, 


Ridge  b 

tool  Sect 


-  I 'If^:!';  ■'  m :  !    i    :  in  Ion   i    p 

ili  '■:   1  <•    il  !'      u  !ii 
•  Purlin  sp  •  n ;'  del  rminedby 

des ;  i  10  span, 


Solid  infill  or 
glazed  opening 
(Seams  are  notched  for 
full  bearing  on  post  or 
girder  support,  ^""" 


[oof  Section  @  Interior  Support 


hi    nalin  ji«  i  >n may 
bi    pplied  overs  rfdeck^ 
or  witriin;     &  created 

lin   finish. 
Purlin  <mi  >      mi  im  i  the 
roof  i    ms   ith  iieuseof 
metal  hangers. 


Critical  depth     ! 
WeathertWit 
do       required-- 
See  6,26  for  post- 
b    m      ,,    Dion; 


n  ei    li    frooi  d  ! 
may  serve  as  soffit 


[oof  Section  @  Exterior  Wal 


Ceiling  may  be  applied 
create  a  con 

/iring  md 

thermal  insulation, 


may  be 
shaped  for  ornamental  effect; 
donotex)  :   i   .. 

h 


loot  Section  @  Interior  Support 


Roof  Section  @  Exterior 


0© 


WOOD 


lo  avoid  add  tion  i  b<  iding  ;tn  >  ; « 
in  trues  members,  loads  should  be 
applied  at  pane!  points,   * ——-—.. _ 

\  rtical sivay bi  cing      /in  ! 

between  the  top  arid  bottom  chords  of 
idj,  entl   issestoj    >vid<   (  h  >1  m< 
g  iins1  lati  ra  wnd  in  i    i  mi  ;   •< 


In  contrast  to  monoplanar  trussed  i  iften  heavier  wood 
■  .i    es  anbi  a  >  emb  dbylayi  ring  mul  i|  ie  i<  nb  =!- 
and  joining  them  at  the  panel  points  with  split-ring 
connectors,  1  h« ■     o<  Itn     i  >«       pabl    >f  carrying 
greater  loads  than  trus  edi  ifter  and  ire  spaced 
further  apart.  Consu  I  a  mm*  turah  ngineerforde  dan 
bracing,  and  anchorage  requirements, 


Horizontal  cross-bracing  may  be 
required  in  the  plane  of  the  top  or 
bottom;  hoi  1  '  til;  liapht  igm 
action  o\  the  ooi  '•-  mingi  »n 

adequate  for  end-wail  forces.  -  — "' 

Any  knee  bracing  mould;  mnecttothe 
toporboti    n  chord  at    pa  el  point.  - 


Woodtru )  >es  n  iybe  faced  up  o&{  440)0,0,, 
d  pen  li  i<   m  th<    panning  i  pabiiityt   thi   o 
d&\  king oi  pi  -i  n    When  mrlin  >sj    lacros  .thi 
lo    -f  .  th<     ussspa  ingm  lybeinci      edupto 
20' (6095). 


;  p  iran* .  foi   haped  truss* 

40'  to  150'  (12  to  45  m) 

Depi  ■•  m    fo    h  *•       i!'-  ?e  -  •■   n/   "".nan/6 

See6.Q9  oi  id< •   rij  tionol  ru   .  onfigurations. 


Span  range  for  flat  trusses: 

40'  to  110'  (12  to  35  m) 

\i,  pthrang<  foi  i ,!  tn    .       pan/1i  M    -pm,  15 

>  omp(  >ite  trusses  hav  timta  i  compression 
membi  i  -andstei  1 t<  nsion  membei 
Truss  rod  -er  i  ii  taltt  n  di  thai  -  rw  is  tension 
1 1  mb  rsina  truss  n  tru   >edb    m 


fru )!  edbea  n  iare  ti  nb  rbeam  til  ne^  I  •• 
combination  of  diagonal  truss  wdemd  either 
compress!  nstru     »rsu   >ensionrods, 


mbi      re  2    •■ '     '<  <  ■ '  il; 
1    '0)  mini  num  1      ■  idth  n  i 
2J/2H  (64)  split  rings;  5Jlf  (140) 
minii  n  nfi  -  r"(10i !"  pli'1  rings.  - 
Trusses  usually  do  not  exceed  five 
lembei   ii    hickn 


iopcsorci 
Webmemb 


X 


VeL 


m  ... ,  i,  , ,      rtica 
"  '  ,.  ;mb<     ii  s  e)    n 
to  support  purlins, 
Roof  sheathing  or 
planking 


Splice  plat< 


(810)  minimum  lap  §  splice; 


)  io\  cm  a 


pan 


Heel 


V3  L 


Example  of  o  Belgian  Truss 

*  M '  ibi  i  ii  e   sndjoin  del  il  ei   d<  terminedby 

en§  >  i  i  ,,   i.  ifati  nsbasedonti    >styj    !o  dp  tti  i 
span,  and  f  so  i  id  p  ck   oi  lu  fiber  used. 

*  i!if,f-i/     ■  es  p.,,-  iioi  i    nbers  is  §en    illy  govern*    ■  , 
buckli  (    phili  tb    iz<    ftem     inii  i  ib<    iisi  onl  ,  «. 
tensile  st  es  e    i  connections, 

*  Consult  buildi  i§co  lefo  i  linimumi  ieml  i   hie!  > 
In  ■  x    in  i  )  [ualify  is  ieav    in  ei  <  <<;   tru  ;ti  i 


•   prevei     econdary  .hear  nd 
bending  stres  %    i  'om  developing 
the  centroidaf  axes  of  truss  members 
and  the  lew  :i  ijoii  I  should  pass 

through  a  common  node. 


5J/2"  (140) 

iinimumb<    ;<. 


teelbe    ti  ; 
3oiid  or  built- 


BXet 

be; 

ri  ic,  «, 

5pli1 

-fin 

ap 

conn 

5CtC 

TS 

Built 

•ue 

column 

»upp 

art 

matches 
ckness 

Fh  oi  [h  boil 

Anchor  baits 
eelb    S  ,,; 
on  mortar  bed 
I  •  inta  reed  ones  S 
o    «.  >onry !  a  i>a 
•••  til 


Heel  Joints 


.30     W**ft»  'mKuW  K^FIEr'i 


Sheathing  requirements  are 
similar  to  those  for  conventional 
rafter  framing;  see  6,23,  -^ 


Typical  spacing  is  2'  (610)  o,c,s  but 
may  vary  up  to  4!  (1220)  o.c, 
Truss  members  are  connected  with 
metal-toothed  plate  connectors,  ^, 


Wood  trussed  rafters  are  pre-engineered  and 
shop-fabricated  monoplanar  trusses,  Because 
the  individual  members  are  subject  primarily  to 
compressive  and  tensile  forces,  they  are  typically 
2x4s;  2x65  are  sometimes  used  for  the  top  chord. 
Trussed  rafters  are  best  used  when  a  rectangular 
plan  requires  a  quantity  of  a  single  truss  type  and 
clear  spans  over  W  (5405),  Consult  the  truss 
manufacturer  for  configurations,  allowable  spans 
and  loads,  and  construction  details, 


Trussed  rafters  may  be  supported  by  timber  or 
steel  beams  or  by  a  stud-framed  or  masonry 
bearing  wall. 


-% 


Pitch  range;  2:12  to  &12 
Depth  range;  span/10  to  span/2C 


I  {hlO)  maximum  extension 
of  top  chord  for  overhangs  — y 
Greater  overhangs  up  to  the  ]k 
points  are  possible  with  the  use 
of  wedge  blocks  or  struts, 


Lateral  bracing  is  required  perpendicular 

to  the  plane  of  the  trusses  both  during 
installation  and  alter  erection, 
A  ceiling  may  be  applied  directly  to  the 
bottom  chords,  For  trusses  spaced  more 
than  7,  (610)  o.c,  furring  strips  may  be 
required  to  support  the  ceiling  material. 
Thermal  insulation  as  well  as  electrical 
and  mechanical  equipment  may  be 
accommodated  within  the  truss  depth. 


V  10 . 


*  Trussed  rafters  typically  span  fror 
(6095  to  9755);  up  to  60l  (15  m)  spans  are 
possible, 

•  See  6,09  for  a  description  of  truss 
configurations. 


Roof  sheathing 
Top  chord 
Web  block  or  strut 
tied  to  web  system 
of  truss 

Fascia 
Vented  soffit 


Soffited  love 


" —  Roof  sheathing 

•-         _.,--  Top  chord  overhang 

*  Fascia  , 

1 

IvT -  ''  j  "i 

v.  <30ffn,  returns  may 
be  fabricated  w/ 

1                 truss  units, 

Overhanging 

Eove 
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7.02 

Moisture  1  Thermal  Protection 

7,03 

Uriderloymenf  fir  Shingle  Roofing 

7.04 

Wood  Shingles 

7.05 

Wood  Shakes 

7.06 

Composition  Shingles 

7.97 

Slate  Shingles 

7  08 

Tib  looflng 

Vegetated  Roofing 

7.11 

Sheet  ietil  Roofing 

Corrupted  Metal  Roofing 

Flat  Roof  Assembles 

>  •- 

Bullf-Up  Roofing  Systems 

Single-Ply  Roofing  Systems 

Roof  Drainage 

7.18 

Flashing 

Roof  Flashing 

/  .£  1 

Flashing  Roof  Penetrations 

7  00 

foil  Flashing 

7   t^l 

lalnscreeri  fad  Systems 

7.24 

Curtain  fills 

Precast  Concrete  Panels 

Masonry  fencer 

Stone  feneer 

7.31 

Metal  Cladding 

Plywood  Siding 

Wood  Shingle  Siding 

Horizontal  locircS  Siding 

Vertical  Board  Siding 

7.36 

Stucco 

7.31 

Exterior  Insulation  &  Finish  Systems 

7.39 

Thermal  Resistance 

7  Afl 

Thermal  insulation 

7,41 

Insulating  Materials 

#  .4  J 

Insulating  Roofs  I  Floors 

7.44 

Insulating  Walls 

7,45 

Moisture  Control 

7.46 

Vapor  letarders 

7,47 

Ventilation 

7.48 

Expansion  Joints 

7.50 

Joint  Sealants 

92     S80!:  'im*.  '-  OmvWO  "T:  ■"«".->  ?"■-»■ 


'  .u  ingi  i  I   •  1I5  pi  >vid<  the  v  i1  :i  r<  T    ml  covering  1  >i  a  roof  system, 
nieyi  in  <  n  orm  ft  n  virti   lly  ;on  nu  >us  impervious  meml  rane:  i  ) 
overlapping  or  interloi  I  if- )  pi    -  ?o1  shingle;  and  tiles,  The  type  of  roofing 
that  may  b<  used  bj  nd    m  the  pitch  of  the  ooi  .trui  ure.  While  a 
li  pin  1 1    Fea  iy  h  Is  w    er,  a  flat  roof  musl  d<  s  n  Ion  \a  ntinuous 
walerpn      n  mb  m<  I  )    nt,  inth    v,  tei  /hilt  i1 di  tin    *rei  poi  !>  • 
AfiatroofaswellasanywelHnsulal  d  loping  roof  <  ipabli  o  rel  i  ling 
snow  may  (i!     fore  ha    tobedesi  w<s  «    up|  »;    i  e    iter  live  load 
than  a  model    ely  or  high-pitched  ro     Addition    factors  to  consider  in 
the-s-election  of  a  roofing  naterialin  iid  r<  [uirert  n   ifo  in  i  illation, 
maintenaii  e,  mddui  ibility  resi  tancf  to  wind  mdfire,  and,  if  visible, 
tht  roofing  patten    •  tun  and  color, 

n1  si   i    om  i    king  in  >  a  roof  a  lembl^  inch ">  itua  / 
the  intent'.    I    bull  ing  flashing  mu    b  insl  ill  1  ilong   mi  edges, 
whi  n  I. « :      i  in ,.    I."    <    ,'  it  ■•  rti  alplani  •    n  U  hi  re  roofs  are 
■  a,  i      m  ,   'i     i     i,  vent  pipes  md  kyli  jhl  ;.  I   terioi  *■  - 1  musl 
also  hi  fl    h.  J    here  lea  ig       ml  occur-  at  door  and  window  openings 
and  il  »ngj(  n      k      nati  iah   i  i    in  the  pi  w,  <  I  liu  wall, 


Exterior  walls  also  nu   i  wo    -;  proti   tioit  from  the  <    o  Ik  r.  While  some 
,  .  '   ,     illsystei    ,  such  as  solid  ma  oris    indc<  ncrel   li  dbi  tri  g 
•    :;    ••    their  ma     i  u  •    -    igainsl  the  pi  i   ;  ■  tion ,;  w  d  rinto 
thi  inti  rior  of  a  building,  ol  /seen     >u<  h  ,     ivi'1  /walls  and 

cini  i  li  •  ill    itili     ininterioi    rai  ig<    >•  I  m  toi  irry  .  ! '  m^ 
moisture  that  finds  its  way  through  the  facing  or  cladding. 


• 


LEED  A(  r<  li  I  c,  timi    I  r ,.;.  I   rform  1 1  f 


Moisture  is  f  »n     ivj        iti    he  interior  sp  building  in  the 

hen  thi    catei    ipo        hes  a  surface  cooled 
by  heat  l<       ■    h    old  i    itsid    lir.ci  \d\  i:  iti  n  no  oci  ur,  This 
conden  »ationmayb      ibl     :        luninsulati     <"(  li    pane,  or  it 
can  collect  in  concealed  roof,  wall  >rfli  >r  iw«    I  e,  isofcombating 
condensation  includ    he  correct  pla     ien1  >f  thermal  insulation  and 
vapot  retard  I  the  ventilation  of  concealed  sp     ■     ich  is  attics 

and  crawl  spaces. 

Potential  heat  loss  ors    nl  mg    heexl    \o\      '■'•'■*  n  •  fa  building 

is  in  imp    tai         oi  I ig  I    im<        fmecl    id   ! 

equipnc  in  in  h  net  iy  equi  I  i   main  lin  thi   l<  ired  level  of 
environm,    alcoml    til    heinteri      paces.  The  prop;      lection  of 
bi  ltd  ign   terial     hecorrei      w     u  tit  n  md  in  i  i  ii  n  of  he  building 

enclosure,  and  i  h(  orien  ,  io  >o«  milding  on  its  site  are  the  basic 

m    ns  of  con    iliii  jheatios:  an  I  \  lin 

Building  m  i    rials    panel  nd    n      tduetovaria     i    vithinthe 
normal  tempei  stun  i  inge.aswell  isexp<   un  to  olarra  iationand 
wind.  To  allow  for  thi;  movement  and  help  reliew  thi    tressescau  ;dby 
thi    n  il     cm  'ion  ndci  n1   ic  dw-ai  joii  I  >  I  mldbi   li  il  l 
i  ithi  rtighl  dui  i  If  and c  im   il,  >la  edt<   >G(  fe  tivi 


Underlayment  protects  the  roof  sheathing  from 
moisture  until  the  roofing  shingles  are  applied, 
Once  the  roofing  is  applied,  the  underlayment 
provides  the  sheathing  with  additional  protection 
from  wind-driven  rain,  The  underlayment  material 
should  have  low  vapor  resistance  so  that  moisture 
does  not  accumulate  between  the  underlayment 
and  the  roof  sheathing.  Only  enough  nails  are  used 
to  hold  the  underlayment  in  place  until  the  roofing 
shingles  are  applied. 

Efl¥e  Flashing 

Eave  flashing  is  required  whenever  there  is  a 
possibility  that  ice  might  form  atone,  the  eave  and 
cause  melting  ice  and  snow  to  back  up  under  the 
roofing  shingles. 

a  On  normal  slope  roofs;  eave  flashing  --^ 
consists  of  two  layers  of  15  lb.  felt  or  a  single 
layer  of  50  lb.  smooth  roll  roofing  extending 
from  the  eave  up  the  roof  to  a  point  24"  (610) 
inside  the  interior  wall  line. 

•  On  low  slope  roofs,  an  additional  course  of 
underlayment  is  cemented  in  place,  and 
extended  to  a  point  36"  (915)  inside  the 
interior  wail  line.  ~ 


Underlayment  for  Normal  Slopes  (4:1 2  and  up] 


4"  (100)  side  lap 
2"  (50)  top  lap 

Lay  underlayment  ft'  (150)  on 
both  sides  of  hips  and  ridges. 
Drip  edejes  of  corrosion- 
resistant  metal  are  applied  over 
underlayment  along  rake,  and 
directly  to  the  roof  deck  along 
the  eave,  They  may  be  omitted 
on  wood  shingle  and  shake  roofs 
because  the  shingles  themselves 
form  drips  by  projecting  beyond 
the  roof  edcjes, 


^  19"  (455)  starter  course 

"^  56"  (915) 

-*  Asphalt  cement 

-  19"  (435) 


:or  Low  Slope  Roofs  (3: 12  to  4: 12) 


Underlayment  ana  Sheathing  for  Shingle  Roofs 


Roofing  Type 


Sheathing      Underlayment 


Normol  Slope 


Low  Slope 


Fiberglass  shingles    Solid 

Asphalt  shingles        Solid 

Wood  shingles  Spaced 

Solid 


15  lb.  asphalt-saturated  felt  4:12  and  up 

15  lb.  asphalt-saturated  felt  4:12  and  up 

15  lb.  asphalt  saturated  felt  4:12  and  up 

15  lb.  asphalt-saturated  felt  4:12  and  up 


Wood  shakes  Smced  1)0  lb.  asphalt-saturated  felt     4:12  and  up 

(interlayrnent) 
Solid  30  lb.  asphalt-saturated  felt     4:12  and  up 

(interlayrnent) 


Single  layer 

3:12  to  4:12 

Double  layer 

Single  layer- 

2:12  to  4:12 

Double  layer 

Optional 

3:12  to  4:12 

Reduce  weather  exposure 

Optional;  eave 

3:12  to  4:12 

Optional;  eave 

flashing  required 

flashing  required 

in  snow  areas 

in  snow  areas 

Not  recommended 

3:12  to  4:12 

Single  layer  underlayment 
and  interlayrnent 

over  entire  roof 

tM     W';jHi?»  ^hsm^s.k.; 


Maximum  Recommended  Exposure 


Shingle  Grade 
and  length 


Roof  Slope 
4:12  and  up 


3:12  to  4:12 


No.1 

16"  (405) 

5"  (125) 

3-3/4H  (95) 

15"  (455) 

5-V2"  (140) 

4^l/4,t(110) 

24"  (610) 

7-V2"  (190) 

5-3/4"(145) 

No,  2 

16"  (405) 

4"  (100) 

3-V2"  (90) 

10"  (455) 

4J/2"(115) 

4"  (100) 

24"  (610) 

6J/2H(165) 

5-V2"  (140) 

No.  5 

16"  (405) 

Plf(90) 

3" (75) 

10"  (455) 

4"  (100) 

3-V?"  (90) 

24"  (610) 

5J/2"  (140) 

5"  (125) 

Wood  Shakes 

10"  (455) 

Pit  (190) 

Not 

24"  (610) 

10"  (255) 

recommended 

Use  only  corrosion-resistant  nails,  such  as  hot-dipped 
galvanized  steel  or  aluminum-alloy  nails.  Two  fasteners 
per  shingle  are  required.  Nails  should  be  driven  flush 
with,  but  not  into  the  surface  of  the  shingles. 
Spaced  1x4  or  1x6  sheathing  provides  ventilation  for  the 
shingles.  5oard  spacing  is  equal  to  the  shingle  exposure. 


'M"  to  %"  (6  to  10)  joints 

to  allow  for  expansion 
\Jlf  (50)  minimum  offset 
between  adjacent  courses; 
do  not  align  joints  in 
alternate  courses.        S 


Wood  shingles  and  shakes  are  normally  cut  from  red  cedar,  although  white 
cedar,  redwood,  and  red  cypress  shingles  may  be  available,  Red  cedar  has  a 
fine,  even  grain  and  is  naturally  resistant  to  water,  rot,  and  sunlight, 

Red  cedar  shingles  are  available  in  16"  (405) ,  10"  (455),  and  24"  (610) 
lengths,  and  in  the  following  grades: 

•  No,  1  Premium  Grade  (h>lue  Label): 

•  100%  heartwood,  100%  clear,  100%  edge  grain 
'  No.  2  Intermediate  Grade  (Red  Label): 

'10"  (255)  clear  on  16"  (405)  shingles 

•  11"  (200)  clear  on  15"  (455)  shingles 
•16"  (405)  clear  on  24"  (610)  shingles 
9  Some  flat  grain  permitted 

•  Mo,  3  Utility  Grade  (Black  Label): 

•  6"  (150)  clear  on  16"  (405)  and  15"  (455)  shingles 
•10"  (255)  clear  on  24"  (610)  shingles 

^-*  26  gauge  galvanized  steel  or  0,019" 

/  (0.5  mm)  corrosion-resistant 

/  flashing;  provide  underlayment 

/  under  flashing  in  severe  climates. 

/  ^-  •-  11"  (250)  minimum  to  each  side  of 

•    \  \  valley  centerline  with  36"  (915)  wide 

.'  underlayment  for  roof  slopes  of  5:1 2 

2"  "  ;  (25%)  and  over 

.-  /  Lap  4"  (100) 


<- 1 


V2"  (13)  edge  crimps 
1"  (25)  high  center  crimp 


0  W  D 

(75  to  125) 

Alternate 

overlap 


<•  4"  (100) 

Open  Valley 

\7'**%^' 

^\J^  Doubled  first  course; 

Shingle  exposure  y                 (\u^ 

extendi"  to  I-V211 

depends  on  shingle  length  and      \ 

(25  to  30)  to  form  drip. 

roof  slope;  see  table  above. 

- — ■•  Shingles  may  project 

In  areas  subject  to  wind-driven 

1"  (2.5)  beyond  rake 

snow  and  roof  ice  buildup,  eave 

trim  to  form  drip,  or  be 

flashing  over  solid  sheathing  is 

canted  with  a  beveled 

required;  see  7.3, 

strip  to  eliminate  drip. 

,%  Double  starter  course 

•  Ridge  similar  to  hip 
construction 

•  Preformed  ridge  and  hip  units 
are  available. 

Hip  Application 
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While  wood  hin^fe   in  •    \,wood  rake    n  formed  by 

pi  i  p.,,    hortloaanl  iu      n  pered     liaises  tions, 

esultingii       ;<      •  I     d\  '>!'  !      in  101  n 

]00%c\ea  heart  woo  n     /ailableii  \&   150)  ind  2  I-'1  (610) 

'.  •    '",    n  >  ..  iigh     i|  iak(    have  1     led. « 

jraii  vvhil    i  in     >li1  i  dn  •:  ,«<  >h  h  •    rtlea;     >00/ 
edge^rain. 

'Othwood  shingl      •  • !  ;      re  flan  i     ml 

chemically  1  <  ited  o  ec  ii  ■  iUI  (  <\  H  c  ting.  AQass-B 
i,  til  |m   '.    po    ibl    '     i   i(    h n  ■  I      in  i1  ,. 

overa  solid  roof  deck  o        (16)  pi     n  eriordJ  i. 

covered  with  spia  ■  •'■  coati  I  sheet  foil. 


Because  of  the  rough  texture  of  wood 
-hake  .  ilayerol  n1  riaymeni     laid 
between  each  course.  The  interlayment, 
301b.asph  11     ituratedl  ;I1  serves  as 
baffl    ip'n  -1  wind  dri  en  rain  or;  low 

15"  (455)  wide  interlayment  ^ 
2xexposun  disl  ince  \ 
Spaced  sheathing  Xx\ 

1x4  minimum        k    „ 


%,!to%l!(10to16)joinfe 
to  allow  for  expansion 
i      ;'  "a  minimui    >d  < 
betwi  enadj  ic  ntcour:  .". 


i  hh  I 


»h  ! r 


I  | «    pll   shakes     ,  !  -  - ''    Ii 

•!.,'..  *,'  --..  dby     "i  in<  i  it 

I  split, 
•i  "   piii   tn.    es<       eh L  iBK 
i,  pi  ■  plit   i  I    i  ha  inpsplit 
face  and  a  sawn  back. 
Straigntspl  I  »h  kes  : .  handsplit 
Make  >  of  uniform  thickn \  .. 


301b,  fel  u  i  erlaym  <! 
11"  {730)  minimum; 
lap  sections  4"  (100) 

1"i    i)high  •  n  er crimp 

V2"  (15)  edqe  crimps  ^  6"  (150) 

/        /  Alternate 

i  / 1*-      /  overlap 


56"  (915)   idestartei  strip; 
fc  s  ivi   L  . «  ig.i  menl 
an  addition  il  layer  of  30  lb. 
asphalt  satui      I  fell  from 

teeaveupl 

€  (915)  in  iidd  the 

c   "  "  l  !  i 


Double  starter 
■  >ui     |    yect  1"  to 

14^(25  to  3d)  to 
form  drip. 


*  6"  (150) 
0 1  m  V(  lley 


For  weather  exposure, 

see  table  i  n  r  -i  u:  pa  ,< 

Use  only  corrosion  r<  ■!  tant  nails, 

has  he     lippei   |al<  ni 
steel  or  iluminun    II     laii  -.Nails 
should  bed  i  'is  fli   h  vith,  but  not 
into    '    surface  of  tl     hakes. 


e 

l 

x%  Doubli        ««      *i  ! 

Ii   \   Ii  a  i< 

•  I'idr;,   iimib  to 
hip  construction 

•  Preformed  ridge  and 
hip  unil  •,  i ;  ■ 


06    o»ip«iw»?!  $nmm  ; 


1 

36"  (915)  typical 

}                                                   i       * 

Two-1 

,ab  square  butt 

i     •  ■  ■■  •      ■       •       '■.'." 

i  hree 

ibsqi    <  butt 

Random-edge  cut 

I 

-  12"  (305)  typical 

Shingle  Designs 

«  Shingles  vary  in  weight  from  205  lb. 

to  550  lb.  per  square, 
•  One  square  =  100  sf  (9.29  m2) 
s  ConsuH  the  roofing  manufacturer 

for  sizes,  patterns,  colors,  and 

install  iti<  n  details 


12  !  .15"  (30!  U    dO) 


Composition  ming    >havee  heraninorganif  fiberglass  base  or 
an  organic  felt  bast  >urfaced(  i  the  weather  sidi  with  colored 
mineral  or  ceramic  gi  inules  Inorganic  fib  rgl   >s  base  shingles 
have  excellent  fire  re    •  mc<  I        w      );  organic  felt  basf 
•  h  igh    po  >S(      >0,  i  model  \U  i  ;si  ;1  ma    )  fire  (I    CI  r  )C) 
Most  composition  shingles  have  tabs  with  a  self  sealing  adhesive 
or  lockings  ib;  tl  it  ma    them  wind  s  <isi  ml  Win  n    stance  is 
importanl  on  n  I  ngl  >ai    isedonlov  slop*  i  of;  and  in  it   i 
subject  to  high  winds. 


*  W  (width)  =  12"  (305) 

*  E  (exposure)  =  5"  (125) 

•  TL  (top  lap)  =  7"  O#0) 

•  HL  (head  lap)  =  2"  (51) 


i'i     ited  overlay 


Minimum  recommended 
slope -4:12 


ilf- break  po 


.  l;ar1  third  cour  >i  w/  fu 
strip  mine'  om  tab 
I  i    1       md  i  ir  evil 
•   ipminu  -  '     ib 

9"  (230)  starter  strip 

'i      «  "        '    Ul       tf/ful 

.trip. 


\b"{  \5  >)   trij  ;j/  down  secured  w/ 

asphalt  cement  and  minimal  nailing 
12"  (305)  lap 
36"  (915)  strip  face  up 
i  m  >hingl<  eti  form  vail  y  6"  (1  >0) 
id     I  rid*     widen     ra    of1/  "per 
foot  (1:100), 


Third-break  point 


'M 


51  ml  thin  <•<     i  wi  hfull 
:    ngb  minus  5"  (2(    ) 

tar    econdci  ur  .<  with 
full  shingle  minus  4"  (100). 
Inverted  shingle  trip  minus 
3"  (75) 

Start  first  course  w/  full 
ihit  J. 


Open  volley 

^  Valley  lining  i  f  36"  (915)  roll  roofing 

j  Extend  ach  «ti  p  I  '"!  >05)  beyond^ 

center  of  valley.  V^C 


Random  spacing 


Repeat, 


Corro;  ion  resist  in1  drip 
edges  along  eaves  and  rakes 


Closed  valley  is 
formed  by  overlapping 
successive  courses  of 

shingles  in  alternate 
directions. 


5"  (125)  exposure 
at  hips  and  ridges 
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3  Asphalt  Shingles 

3.13  Fiberglass-Reinforced  Asphalt  Shingles 


'•    ,     , n    trem    s  u  '     '■'<•     t  -,•  I  in    m  I  o  ' 

■  n'n    n  ni    i    •' ,,.  m  il  ;ri         eshingl<     >      -i- 

rimmed,  ai     frilled  to       we  copper  mils  i 

u   !i  ■     I     «■  -5  lirii  leirapplit    ion  are  similar  to 
those  of  wood  shingles. 


Two  nail  holes  per  shingle- 


10"to24  (2  ©to   1  ) long 

in  2"  (51)  increments  —_- 
3/i6"tof(Sto2S)thick 


5"to11-/"(,  il     90) 

exposures 

I  ,  >5ure(l  )  = 

Length  (L)  -  Haadlap  (HL)/2 

20:12;  HL  =  2"  (51) 

3:12;HL  =  3"(75) 
4:12;  HL  =  4"  (100) 


6" to  14" (1  Oto   5!  i    d, 


• !  idii  s4     »hirii !' 


16 oz, coppf  4lai  hing 
I "(    0)  nil  imum  ov   lap 
sections  4"  (100). 
1"  (25)  splash  diverter 


•I  iti  >hmgl  '  <    i  w  'jh  from       ^ 
600  to  3600  lb.  (560  to  1650  kg) 
per  square  0    r,i    ]  -  roof  area, 
He  vier  than  \o  m  In     fi  iming 
or  decking!  th  refoi   requ  »/ 
Slate  shingles  nay  I  -  ippliedover: 

•  Solid  wood  decks    i 

•  Nailable  concrete    r 

•  Steel  angle  framing  | 
•  Underlayn  en1  o\  -sit. roofing 

felt  is  nor,  i  illyreomit  .I  over  the 
solid  roof  deck.  45  it.  felt  may  be 
i  qi  in  ,    rthicl    Ia1    »  4, ' 


o  (/b)  minimum 
offset 


Project  2"  (51)  t*  form  drip 
at  cave, 

'4,^,',     o  25)     ijection 
at  rake 


Widen  -mil./  i  sward 

bottom1/?"  per  foot 

(1:100). 

Sta   ei   latei  -used 

togivi  fti  ■  i  gui  • 

hi        M|.      Ioj        ' 

succeeding  ;ou  .  - 


Saddli  or  Boston  hip 


Mitered  hip 


Pi ,,( nal  I  rl  ng  •    m  -4  di  I 
laying  roofi  ig  *lates  /iththedi  gonal 

!|  'l    ghorizonl  illy  ~~""~ 

!;  m,  comb  slating  is  d    jonal 
i  i  i   hich  I        ils  an  cut 
.;   thi    >  fi  i 
Open      ..   c    •   :.  -      irnetho* 
,'     •:  i    ooftn     ,  .     iti    | 

|j     nt    :     •,      am    :  — 
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Ridge  cover  units 
Cover  starter  unit 


Arris  tiles  cover  the  rake, " 


Field  tiles 
Cement  mortar 


Tile  roofing  consists  of  clay  or  concrete  units  that  overlap 
or  interlock  to  create  a  strong  textural  pattern.  Like  slate, 
roofing  tiies  are  fire-resistant,  durable  and  require  little 
maintenance.  They  are  also  heavy  (dOO  to  1000  lb,  per  square; 
365  to  454  kg  per  9,29  m2)  and  require  roof  framing  that 
is  strong  enough  to  carry  the  weight  of  the  tiles.  Roofing 
tiles  are  normally  installed  over  a  solid  plywood  deck  with  an 
underpayment  of  30  lb,  or  45  lb.  roofing  felt.  Special  tile  units 
are  used  at  ridges,  hips,  rakes,  and  eaves. 


The  following  are  typical  types,  dimensions 
and  weights  of  clay  tiles,  Confirm  sizes, 
weights,  and  installation  details  with  tile 
manufacturer. 


Cave  closure  units 


Ridge  cover  units  — 
Wood  nailer  - — — ._ 
Closure  with  mortar  , 
or  with  top  fixture  u nil 


Mission  or  Spanish  tiles  are  tapered, 
semi  cylindrical  roofing  tiles  laid  convex 
side  up  to  overlap  flanking,  similar  tiles 
laid  concave  side  up. 
Imbrex  laid  convex  side  up;  "" 

tegula  laid  concave  side  upo - -,.._ 

Taper  allows  tiles  to  nest  into 
the  overlapping  tiles, 
Minimum  recommended  slope  -  4:12 
10"  (255)  wide;  19"  (435)  long 
Exposure:  16"  (405) 

Pantiles  have  an  S-shaped  cross  section, 
laid  so  the  downturn  of  one  overlaps  the 
upturn  of  the  next  in  the  same  course.  -" 
Minimum  recommended  slope  -  4:12 
14"  (355)  wide;  19"  (455)  long 
Exposure;  16"  (405) 


/•  Roofing  felt 


itiOyc 


•  4"  (100)  minimum 

•  Copper  base  fiashi 

•  Top  fixture  unit  ... 

/  Roofing  felt 


Interlocking  tiles  are  flat,  rectangular 
roofing  tiles  having  a  groove  along  one 
edge  that  fits  over  a  flange  in  the  next 

tile  in  the  same  course,  ■ —  —• 

Minimum  recommended  slope  -  3:12 
9"  (230)  wide;  12"  (505)  long 
Exposure;  9"  (230) 


Top  of  Shed 


Field  tiles 

5"  (75)  headlap  typical 


Shingle  tiles  are  flat,  rectangular  roofing 
tiles  laid  in  an  overlapping  pattern,  ~— 
Minimum  recommended  slope  -  3:12 
10"  (255)  wide;  16"  (405)  long 
Exposure:  13"  (530) 


Eave  closure  unit 


Eave 
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'egeta     ■    >o    g,  also  known  a    green  roofing 
refers  to  1  natural  roof  c<       igty  <:.  ill  consisting 
01  veg«  1  iti  >n  •!  nteol  1  .  ngitti  red  soi  01    rowing 

sdiumoveraw   erproofmemb    1     M    veget     ' 
roofing  typii  ll\  requi  es  n  ■  at  'initial  inve  ti  ent, 
thenatur  Icov  1  ngj  roti  ctsthi  wat  rprooi  Membrane 
from  daily    mperai  refli   fcu  don    in   ■  t  ul1  a  ioiel 

diation  of  the  sun  1    t  breaks  dowi     inw    ional 
roofing  y<  tern .  Vegetated  roi  fing  h  >  offers 
environm.  -  libei  1  -  inci  ti "",,  •  1  >ei  in  1  a  pervious 
ireaothi  w\  1  n  pi  ced  by    building    footpi  nt, 
i  ontrolli  igthi  voli  meoi  •  torn v  i     runoff     id 
11  provin  ;  ',  a doa ;  1  \\i<  ii  y 

[hi  suri         mpei  tun  of  traditional   wfim  <  n  bi 
up  to  901  I  !  !  )w,  1 1  rthan  th  air  1  ;mpi  ratui  j 
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lowersurfa  e  temperature,  helps  educ*  the  heat  island 
-  ffectii  urban  re,  i    h  in*  n  ssed  in  >ub  tionval  -  o\ 
vegel  bedroi  no  5ys1  ;!  "<>  ifsohi  ip<  I  !  i  ize  indoor 
ail  tempi  -ati  res  in  I  humidity  md    ducettw  heatin 
and  cooling  costs  for  a  building. 

There  are  threi  type?  of  vegetated  roof i  3  systems: 
intensive,;,)  ,i  iv    in  h  iodular  block, 
s  IntensiVf   eg  i  itiv  rod  igs    ten    n  qi  ire  * 
minimum*  fof  :foo1 1  >05)<  I  oil def  thto  0   ', 
an*  c<  >sil  ieroofgardf  1  with  large  ti    •       ul 
meadows  and  other  landscapes,  They  require  Irrigation 
t    Idrain  1    yst<  n  -to mainl  linth  plantm  iteri  ifs 
which  can  add  50  to  150  psf  {2370  to  4310  ?a)  to 
n\  load  on  th  n  )f:  tructim     one   tei    isuallyth 
bestchoif    Oi ,  roo  dei 

•  Extei     *■  •   letative  roofing  systen     n 

'  <!o«  iin1  nan    .  1    bi  11  pri  la  iiyi  >rtl  i 
,  /i  >nm  ml    ben*  fi1    h  ligh  w  igb  gn  -  n ,  ,     iui 

they  use  is  typt  ill  4'  i       [)00  o1  (  lindeptl      I 
,  n  ,'M-  m  ill  mod  pi  11 '  •  md  thi     tl  iss  i  that  i . 

,!  cessed  foi  main  en  in  a  only.  E  ct  i  iivev  ge  itiv< 

n  oi  sy  terns  cai     Id  between  15,   «    >0|   f  (71 
'.  v"  fa)  0  th  ,m-  on  he  "   fstru*  tun  mdcanbe 
ns1  tile  \o\  i  i  lypi  ,»■  don    jn   lc<  nc  e1        d.oi 

wood  roof  deck, 

•  Modulai  blocl  :  v"  tern  ■•  nsi;  I  .i  anodiz  d  aluminum 

ontain     orrecyt   dp*  /styi  -■■<  ti    sw  th 3" to 4" 
(7!    oi  0)    ei  ,! "   '■■  •  )il  up|  "i  inglow  11    /i 
plantspecies.  >p  1  fasten*  Itoth  bottom  of  each 
block  protects  th<    lofsi         indall  >v  ■  on     lie 
di  linag  1  r<  ugl  '  h   11 11  thi  I  '  •.  ,!   eight  of  the 
'    1  is  12 to  1  >psf(575ti  860  Pa). 
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ition  layer  holds  rainwater  and  slows  the 

I  P   p;      'el(  1  if  of  e^  e  srunol  . 

atP^     •  Drainage  layer  carri      <       water  away  from 
the  surface  oi  the  roof  deck,  the  1  tentionand 
di  linagi  '  lyei    1      fti  n     1  bin*  I  In  h,  II  ^ 
,  ti  isiv  vegi  ta  iv    oi  fing    6ti  m  , 


—  Shof  tbarrii   proted     hi    'aterprool  meml 
frommechani  al  ibrasion  and  root at1  ichmentor 
penetration  i   ^  ,1 ,  di  i  <  ul     >l<  i  1     ileal  once 
I  ,  growing m  diumisii  plac- 

—  Waterp  « -  mem!    rif  see  7,12  for  membi  in 
roofing 

-*  See  7,12-7.  >  for  p  n    nen  option    'i  thermal 
isulationandvapoi  el  >  '< 

—  Support    )    .    structure  must  ha' 

!.    *  '  :ari  1  jcap    H  >  0  uppo  t  <■  I 
l«  1  iti.    of 601     »0 pcf (96    o1440kg/m 

#  Veget  tedroi  fing  .    isi  ti   en   teont 
loped  •",[•''■   i  ''    "  ; .  -.'!.,.  1      1 
»li  pi    1  'ti    'a   '  0  flji       ii1  bi.  eystemfor 
.  abili  !  igth    .  ilo   ;  0  'ingn    Hum  is  in  pi 


LEED      Credit  6:         water  Design 
LEED  SS  Credit  7:  Reduce  Heat  Island  Effect 


1  fi-       . 3 »)  R  li?  U  6 A'l E  fi  1  'a :  h i  t "i s ? :;  1  l!l r> 


Me  flashing  laps  high  point 
of  corrugation,  - --,v       / 


Corrugated  or  ribbed  roofing  panels  span  between  roof 
beams  or  purlins  running  across  the  slope.  The  roofing 
panels  may  be  of; 

•  Aluminum  with  a  natural  mill  or  enameled  finish 

•  Galvanized  steel 

•  Fiberglass  or  reinforced  plastic 
e  Corrugated  structural  glass 


Preformed  closure  strips  seal  the 
openings  of  ribs  or  corrugations 
against  wind-driven  rain  and  insec 


—  Preformed  ridge  cap  of  same  metal  as  roofing 
^  Minimum  recommended  slope  -  3:12 

-•  Roofing  panels  may  be  factory-cut  to  the  full  length 

of  the  roof  from  ridge  to  eave, 
j  Purlin  spacing  =  span  of  roofing; 

2' to  61  (610  to  1530)  o,c.  typical 
*>  Roof  beam  or  truss  support  for  purlins 


Many  corrugation  and  ribbed  patterns  are  available. 
Translucent  fiberglass  or  plastic  panels  with 
matching  profiles  are  available  for  use  as  skylights, 

7"i.'i"(19to25) 


Hip  flashing 
6"  (150)  typical 
Closure  strip 
or  seal 


7ft"  (19  to  29) 


7a"  to  2-' A"  (35  to  57 


> 


Reformed  ridge  cover 

Closure  flashing  or  seals  to  keep 

)ut  wind-driven  rain  and  insects 


/  "      .•  -■      ^  TJ/2"to2,,(35to51) 

2j  to  3' (610  to  915)  typical  widths 
Consult  roofing  manufacturer  for  material 
specifications,  panel  sizes  and  weights,  finishes 
allowable  spans,  and  installation  details. 


Any  required  insulation  should 
be  integrated  within  the  depth 
of  the  roof  structure — " 


< 


^  Lap  sides  one  rib  or  Plz  corrugations 

*  Mechanical  fastenings  are  made 
through  the  top  portion  of  the  j 

corrugations  or  ribs.  Washers  and  / 

gaskets  are  generally  required,    -— --^ 
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sheet  metai  roof  h  ':   i    I       d  by  a  si  ong  ,t   alpatl  rn 
of  interlocking  seams  and  articulated  ridges  and  roof  edges. 
The  metal :  h         layl     rfcoppi      nc  alloy,  gal1  mized  steel 
or terne metal  a  »-.i  •  >    ti  I  pi    ■  I  tth  n  'Hoy  of  tin 
and  lead       ivoidp     ible  galvanic  at     nin  I    pi  senceof 
rainwate   i,   .1  ing  fasti  sing     ndm<    lace  ssorie  >  should 

.  ■  Dhi     '  ii    ,  tala  s  :     •   in<    \  Other \ 

to  mm  Id    int      seoi  nil  •  !      I  ng  i     hi        h   " . 
eh  na-  tei    ti       -     eel    i.     «      pansionofthi  metal. 


■  i,     '    .    igisins  ill 
anunderfayrm  i1  ..I  .  ofi  h  f<  ll 
Rosin  j    >ei     u     Iti     evei 
bonding  b<  tav    i    ha  felt  and 
i  ,     metal  roofing 


Standing  or  batten  seams 

Horl 'on,       !"  lie    f  ms  are 
fl  i1  j  ndu  "  ill;   iol  le  ed. 


■    id     ;  ■    on  join  >  on  runs 
ca  •  ing  50' (9  m). 


Minimum  slope -add 

May  be  less  if  locked 

irii    olderedsi  jm     rc  i    ai       / 

Nailing  strij    mu  1 1    provided  y 

if  roofing  is  laid  over  a  non-nailable 

roof  deck, 

,  i  nding       n         .  id    >y1  Iding 
up  hi    djoi  ii'i  \ed   •    ig  lin  : 
hi  I  r, then    M  ng  thei  i  ppi  i 

portion i    iirectiof 

number  of  times.    — ~ 

Batten  seam    i <       I  by  turning 
up  the  adjoining)  dge;  again  1  a 
batl  ;i  ii  I  loci  ngtl  ,.  in  place  with 
netal   I  ippl     dovertbebal     i 
a,,    •    iti  m  ti    Hoi  i    expansi  >n 
of  roofing, 

loariousprei        i1    Isl  in  ling  ,: 
batten  sea  ivailal    fi    n 

n     i    (    ■    -     i      ,1..,    ,  ^-^' 


Vertical  seams  me:  paced  from 
12"  to  24"  (505  to  610)  o.c, 
depending  on  th    >    rting  width  of 
in,  metal  >hee1   a  id  thi    !  s i  i  ii, 
■  ,,■  ling     b;   ,  m  seams. 
The  seams  on  prefabricated  batten 
roofs  are  3paced  from  24"  to  56" 
(610  to  915)  o.c. 

'  i  tai  \m    nay  i  on  inuedi  wi 
to  form  a  deep  fascia. 


In  erlocl  ine,  gutter  and 
lining  H .  mm  mi  I  'I     roofim 


X 


Batten  ridee  seam 


\ 


Standing  ridge  seam 

Roll  seam  •  •      sin       tween  two  pieces 
of  sheet  m     lintl    dii    I  m  of -f  ill  of  a 
un/edoi   loping  roof,  made  by  urning  | 
i    idj  >ii  ing    !»  ,    •,«  in  I ,  ich  other, 
thenbendii  ;tl     i     • ■  i  i fa  forma 
cvl    Iris    roll,  -x  -^S> 


•Locks.            m     '     ■     ing 
up  the  adjoining  edges  against 
eachothi  r.foldin     i  never, and 
flattening  >m    i    dock.  --—. 

fypes  of  Seams 


ind    ■!.-  towns  ' 
i        in        , . ,      jo 

fsheei      tai  oofing, 


seam 
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construction  of  a  flat  roof  requires  the  following  elements 


^  1.  The  wear  course  protects  the  roofing  from  uplifting  wind  forces  and 
mechanical  abrasion.  It  may  be  provided  by  built-up  roofing  aggregate, 
ballast  aggregate,  or  plaza  deck  pavers. 

-  2,  The  drainage  layer  permits  the  free  flow  of  waterto  the  roof  drains,  It 

may  consist  of  the  aggregate  layer  in  a  built-up  roofing  system,  the 
ballast  layer  in  a  loose-laid,  single-ply  roofing  system,  the  surface  of  a 
fully  adhered  single-ply  roof,  or  the  drainage  fabric  or  space  under  the 
pavers  in  a  plaza  deck  system, 

-  5.  The  roofing  membrane  is  the  waterproofing  layer  of  the  roof.  It 

should  be  sloped  at  least  ]kn  per  foot  (1:50)  to  transport  rainwater  to 
the  roof  drains.  This  slope  may  be  created  by  adjusting  the  height  of  the 
beams  that  support  the  roof  deck,  placing  a  tapered  fill  of  insulating 
lightweight  concrete  over  the  roof  deck,  or  installing  tapered  panels 
of  rigid  foam  insulation  over  the  roof  deck.  The  two  major  types  of 
membrane  systems  are: 

•  r3uilt-up  roofing  systems;  see  7.14, 

•  Single-ply  roofing  systems;  see  7,15-7,16. 


Ct 


4.  Thermal  insulation;  see  7.15  for  placement  options, 

5.  A  vapor  retarder  impedes  the  passage  of  water  vapor  into  the  roofing 
assembly.  The  use  of  a  vapor  retarder  is  generally  recommended  in 
geographic  locations  where  the  average  outdoor  temperature  in  January 
is  below  4CTF  (4X)  and  the  interior  relative  humidity  in  winter  is  45% 

or  greater  at  GST  (20%),  Consisting  of  conventional  built-up  roofing 
or  a  proprietary  material  of  low  permeance,  the  vapor  retarder  is  placed 
on  the  predominantly  warm  side  of  an  assembly.  The  temperature  at 
the  vapor  retarder  should  be  warmer  than  the  dew-point  temperature 
to  prevent  condensation  from  occurring,  which  can  damage  the  thermal 
insulation,  roofing  membrane,  and  structural  materials.  It  is  also 
important  that  the  vapor  retarder  be  continuous,  sealed  at  all  roof 
penetrations,  and  tied  into  the  wall  assembly  around  the  perimeter 
of  the  roof.  When  a  vapor  retarder  is  present,  topside  vents  may  be 
required  to  allow  any  trapped  moisture  to  escape  from  between  the 
vapor  retarder  and  the  roofing  membrane,  For  more  information  on 
moisture  control,  see  7,45. 

6.  The  roof  deck  must  be  stiff  enough  to  maintain  the  desired  slope  under 
expected  loading  conditions,  and  be  smooth,  clean,  and  dry  enough  for 
the  rigid  insulation  or  roofing  membrane  to  adhere  properly.  See  7,14 
for  a  list  of  types  of  roof  decks  and  substrates.  Large  roof  areas  may 
require  expansion  joints  or  area  dividers.  For  these  and  other  flashing 
details,  see  7.19-7.20. 
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Thermal  insulation  provides  the  required  resistance  to  heat  flow 

ifoiii     her.         .  /.  '    II  i .    I     i     [fed sn tl      positio 
below  tii  turai  roof  d  he  roof  deck  and  tl 

roofing  membrane,  or  above  the  roofing  membrane, 


Roofing  membrane 

Roof  deck 


When  lee   ■■<      ■    !     rooi      k,  the  them  i  insulation 
nei    ly  consists  of  battii  »u     on  in  *  ill  doves  a  vapor 
retardi    Aventilal    1  airspace  b<    veenthf  in;   lati  >n  and  the 
rooi     • !  .  •   mil   :  i  ■•     »ip      in      ti    oiporthatmif 
in1    Ch    ;<  ( it  notion  a;    mbl 


a  n  i  I  in  il;  tion 


~*  !  c.'ii  e  me  nl  ai 


When  local    II  twi  enthi   oof  dec!      i  the  ro  -  §  membrane, 
tl    then    li  isu  itioi  i       -e  in  fori  io1    iiejht1    irj 
snsuial  nqc\  tii  i      filh   ri<  -  ft  im in  ul  .'in  fo  irds    i  ibl< 
•    w |  pori    (then  >fi  i<  n  n  bi  in      add  in<  h ,  o    houl  I 
be  install!  I  in  at  lea    two  sUqq  ■<  ail,  /  a    n  linii  i  i  ;'<- 
lossthr.'!  |h    e  joints,  1       rstl  y<     h  uldl     n  ;hanicaily 
fastened  to  i    a    \  "•   iplifi  •  .  up|   rl     rsarefi  Hy adhered 
with  shot     epasphall    men  rigid  pohj  n    h  ni  |   lystyrene, 
trpolyisoc;    lura    insulation  is  i      '    i    to\    lyer  should 
k  perlil   «    iyj   urn    -    l    >|    se'deastabl<  un '  rl  iyi  -  >• 
.  .   I    i  .  ii .  i    mbi  neandtoco     l\    fish     iidingi    L 

,     C]    I!  e 


[hi  rm  linsul    ioi 


[Ten     insul      ,i 
>fi  gnii  1 1     i 


Intl    ...    :edmembran     /si    i, the  1  erm  ilin  ul    io  i 
i    ilaced  over  the  i  >ofingn  :mbi  ne.  In  th    |  >sition    hi 
in  iula1  >i   •  Ti  I     he  -  o  ingi  ■  mb   nei  om  terri]    atui 
extreme   bu1       From  aim*     continual  d     -  sess,  The  thermal 
insulation!  n;  is    •  I   ici     ires      >la  i1     crude-  polystyrene 
boards!  lidlo     lyoradh       to  the  roofing  n     bran<  with  hot 
isphalll        ulal  rotected from  .un  igh      dheldii 

I      I      one  ballast  laid        i  ilti  •     i .,  Ti       i  U  ,,  il 
on     Icoi         facing,  oi        !•'..•      ieret<  Mocks, 


Roof  deck 
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Rigid  thermal  insulation;  ;; 
see  7.13  for  options, 
Vapor  retarder,  if  required; 
see  7.12, 


Wear  course  of  gravel,  slag, 

or  marble  chips  aids  in 
stiffening  membrane  and 
resisting  wind  blowoff. 
Surfacing  bitumen  of 
coal  tar  or  asphalt 

Cap  sheet  of  coated, 
mineral-surfaced  felt 
Base  sheet  of  glass  fiber  with 
2"  (51)  laps,  or  organic  base 
roofing  felt  with  4"  (100)  laps 
Plysheets  of  fiberglass, 
asphalt-saturated  felt, 
or  coat  tamsatu rated  felt 
placed  with  hot  steep  asphalt 
or  coal  tar  bitumen 


Types  of  Roof  Decks  or  Substrates  ~^      \* 

•  Steel  deck:  22  gauge  minimum;  building         \ 
code  may  require  overlaymenf  of  perlite  or 
gypsum  board. 

•  Wood;  1"  (25)  minimum  nominal  thickness; 
should  be  of  well-seasoned  lumber  with 
tongue~and~groove  or  splined  joints; 
knotholes  and  large  cracks  should  be 
covered  with  sheet  metal, 

•  Plywood;  72"  (15)  minimum  thickness,  laid  with 
face  plies  perpendicular  to  supports  spaced  no 
more  than  24"  (6)0)  o.c;  tongueemd-groove 
joints  or  blocking  under  joints, 

•  Structural  mod-fiber  deck  must  be  dense 
enough  to  hold  mechanical  fasteners, 

•  Castan-place  concrete  should  be  well-cured, 
dry,  frost-free,  smooth,  and  sloped  to  drain, 

•  Precast  concrete  must  have  all  joints  grouted; 
any  unevenness  between  units  must  be  leveled 
with  a  vented  topping  or  fill, 

•  Lightweight  insulating  concrete;  must  be 
fully  cured  and  air  dried;  consult  roofing 
manufacturer  for  acceptability  as  a  roof  deck, 

•  Consult  roofing  manufacturer  for  approved 
types  of  deck,  insulation,  and  fastenings, 
installation  details,  requirements  for  vapor 
retarder  and  venting,  and  the  Underwriters1 
Laboratories  (LIL)  Fire-Hazard  Classification 
of  the  roofing  assembly, 


:elt  overlap 
2-ply  roofing 
3-ply  roofing 
4-ply  roofing 


19"  (405) 

24%' (625) 
27J/2"(700) 


Minimum  recommended  slope  -  VAb 


Maximum  slope  for  aggregate  surfaces  ~  3:12 

Maximum  slope  for  smooth-surface  roofs 
-6:12  to  9:12 

For  slopes  over  1:12,  lay  plies  parallel  to  slope 
and  back  nail  to  prevent  slippage;  provide  non- 
nailable  decks  with  treated  wood  nailers  for 
back  nailing. 


CSI  MosterFormot  07  51  00  Built-Up  Bituminous  Roofing 


Single-ply  membrane  roofing  may  be  applied  in  liquid  or  sheet  form, 
targe  domed,  vaulted,  or  complex  roof  forms  require  that  the 
roofing  membrane  be  rolled  or  sprayed  on  in  liquid  form  Materials 
used  for  liquid-applied  membranes  include  silicone,  neoprene, 
butyl  rubber,  and  polyurethane.  On  planar  roof  forms,  the  roofing 
membrane  may  be  applied  in  sheet  form.  Sheet  materials  used  for 
single-ply  roofing  include: 

•  Thermoplastic  membranes  may  be  heat-  or  chemically  welded. 
e  PVC  ( polyvinyl  chloride)  and  PVC  alloys 

•  Polymer-modified  bitumens,  asphaltic  materials  to  which 
polymers  have  been  uWA  for  increased  flexibility,  cohesion,  and 
toughness;  often  reinforced  with  glass  fibers  or  plastic  films 

•  Thermosetting  membranes  can  be  bonded  only  by  adhesives. 

•  EPDM  (ethylene  propylene  diene  monomer),  a  vulcanized 
elastomeric  material 

•  CSPE  (chiorosulfonated  polyethylene),,  a  synthetic  rubber 

•  Neoprene  (polychloroprene),  a  synthetic  rubber 

These  materials  dxe  very  thin  -  from  0.03"  to  0.10"  {03  to 
2.5)  thick  -  flexible,  and  strong.  They  vary  in  their  resistance  to 
flame  propagation,  abrasion,  and  degradation  from  ultraviolet 
rays,  pollutants,  oils,  and  chemicals,  Some  are  reinforced  with 
glass  fiber  or  polyester;  others  have  coatings  for  greater  heat- 
reflectance  or  resistance  to  flame  spread,  Consult  the  roofing 
manufacturer  for: 
■  Material  specifications 

•  Approved  types  of  roof  deck,  insulation,  and  fastenings 

•  installation  and  flashing  details 

•  Underwriters'  Laboratories  (UL)  Fire-Hazard  Classification  of 
the  roofing  assembly 

The  details  on  this  and  the  following  page  refer  to  EPDM  roofing. 
Details  for  other  single-ply  membranes  are  similar  in  principle. 
There  are  three  generic  systems  for  the  application  of  EPDM 
roofing; 

•  Fully  adhered  system 

•  Mechanically  fastened  system 

•  Loose  laid,  ballasted  system 

Fully  Adhered  System 

The  membrane  is  fully  adhered  with  bonding  adhesive  to  a  smooth- 
surfaced  concrete  or  wood  deck,  or  to  rigid  insulation  boards 
that  are  mechanically  fastened  to  the  roof  deck,  The  membrane 
is  mechanically  fastened  along  the  perimeter  and  at  roof 
penetrations. 


Metal  cap  w/ 
continuous  cleat 

Bonding  adhesive 
Reinforced  EPDM 
membrane  flashing 

Splicing  cement 
5"  (75)  minimum 
Lap  sealant 

Mechanical  fasteners 
§  12"  (505)  0£.  must 
penetrate  into  roof  deck. 
Rigid  insulation  and 
roof  deck 


Parapet  or  curb:  6"  (150) 
minimum 


5"  (75)  minimum  lap 
at  splices 


j 

^ „ L_*j  /^ 

Splicing  cement 


I  n~ sea  in  sealant  for 
cured  membranes 
Because  there  is  no  slope 
limitation,  this  system 
can  be  used  for  complex  or 
contoured  roof  forms, 
Becausethereisnoslope 
limitation,  this  system 
can  be  used  for  complex  or 
contoured  roof  forms. 


CS1  Mosferformaf  07  52  00  Modified  Bituminous  Membrane  Roofing 
LSI  MasterFormot  07  53  00  Elostomeric  Membrane  Roofing 
CSI  lasferFormaf  07  54  00  Thermoplastic  Membrane  Roofing 


5INGE.fi  PLY  P OWING  v,;  i'ffLi 


:  «    il  fa  it « 

<  alv  inizedni(  tal  I  im 

EPDM  flashing  arid  lap 
splice  applied  with  splicing 
cement 

Gal  mizedi  i  Fing  u  il 
@  12"  (305)  o.c. 

3"  (75)  minimum 
Lap  sealant 


1 1  DM  re  >fing  membram 


Water  cutoff  mastic 
H  ird  rubber 
counterflashi'n^ 

ip  <  i1 1  . 


-*  Bonding  adhesive 

-  i  PDMfl    hing  s  id  I  m 
splice  applied  w/  splicing 


cement 

1"  (25)  minimum 

Fastening  strip 

EPDM  i  >  >fing  ri  nbi  m< 


freated  wood  nailei 


Sponge  tubing 
Expansion  joint  filler 

Nonbearing  wall 


Maximum  slope  -10:12 


'  a    '  Otil   )  •:■     . 

5"  (75)  minimum 
Imseam  sealant 
Lap  eabanl 


^ i2"S«!«^^ 

rf  frr  y  ISo;  tonxtxiTT  iHJxlLiJJJjxLusbitx^ 

"~~~ *  Fastening  plates      i 

#  12"  (305)  o.c, 

ft  ncji  tubing  1 1 1  filli  i 
at  expansion  joints 


Maximum  slope  -  2:12 


1   top  must  <  tend 
above  gravel  surface. 
'  /,  I:   ■  i   !        ivel 
ballast;  10  psf  (479  Pa) 
minimum 


iscifc 

■-'"■■  *  ■  -. 

%<: 

iScS/oS 

^ptsj 

j 

|J 

..  f  jj  J..1 

^-*  £ 

plicing 

ce 

merit 

freal    !  modn  lil  r 


Poof  deck  must  be  able  to 
- ',  \  a.'  iition  tiweiglrl  >• 
ball;  i  i. 


lechai     \\)       te «  I   ysten 
'•  tet  tin  M  f  m,  I    m    i<  n board  h  iv<   eeni    cha  li  ill\ 
fastened  to  the  roof  deck,  the  membi  in<  i    ilso  secured  to  the 
deck  with, l  s     nd  fas]  mm  >  in  :.i  membi  in<  splices. 


Loose  Laid,  Balla  fed    s  »m 

rDotl  Ik  ii   ul  tiona  id  th  1 i<  mbi  in<    i   '  li  Ho    el; 

verthei    if  deck  and  covered  with  a  layer  o    i\     washed 
gravel  or  a  roof  p11  i      fa  n    hi  m  mbranei    iechank  ill ' 
fastened  to  the  roof  deck  only  along  the  perimeter  and  at 
roof  pen  t   ition 


Ri<    moui  tofrainoi    .  [tin*  sn    'amofandl     I    in  ge  y    , , 
must  ham  unction  of; 

•  Therooi  i  e  I  idin \  ••'  tl    rooi   ■  sin  .01  gutters 
;  freqi  n<   ,  ndi  tensity  of  the  rainfall  fori      .  plot 

Flatroofs    louldl    piti I  d  <  •  o<    Irainstha     <  located  at 
the  low  mi  intsan    h    conns     to  t!        raids    1  sy  -rem  of 
!    ;  ill,     ;  ,    ysterrii    icuppei   01   l-  -  iin    ■  y 

•eq  In    ^ithtfm  in  I  ft  '  !"(  >1)    ovethi  !  ,  point    si  the  roof, 

0  in  /atei  •   dby  lo|  irk   0  f:    hi  u!db<    u  ]h1  0  gu1  .1    il<  n 
theeaveto]     oh;f     5  *  hoi  Gutl  1      np1   into  vertical 
downspou!    01  leadei    th  b,  in  turn,  disci   >  )i  n1    i  dry  well  or 
storm  sewer  system.  In  dry  climates  or  foi   i  illi  ol   n  -    'ith 
deq  1  «■      i!i,  ng   gutti    >maybe(  mitl  danda  <edo\  gravel  or 
,  ma  >onrystri  •  el  1    h  g  )un  un :    th<    iv  1. 

ut1    s;  s    i  picalfyol  -m,  t  ih  mi  edst    Uraiumii  urn 

(though  copper,  stainle:      /I       1  m«    ,       I  wood  ones  a 
Iso  wai  ibk  Alu  ninumgui  ten  «   nbei  old  Si  rim  lo  i  si1   '  i 
continuou  »run    vith  »u1  ji  i  t1 


'  f   ■       mini  n  in 
er  foot  (1 


-*  Minimun    ftwoi    fdrai  sfoi  roof 
areas  less  than  10,000  sf  (900  m2) 
andoni  addition  I  li  •  1  for  each 
1 10,000  sfoi  roof  area. 

•  Sciipp*  ,     nii    4     besides 
>f  a  building       1    icffrai  water.  • 

•  (  ondui    m  head     ndlo  lers  carry 
therainwatei     'ay  to  1  storm  or 

on  binedsewenitismoi      pensive 
u  maki  i  pairs  H  l<  k  rc  ir 
coriCi  ill  d  within  1  ill    w  ■  olurn  1  . 


i  uffei  ! h  ipe        I',  -i  I 


\ 


4"  to  a"  (100  to  205) 
-  2-3/4"to6"  (70  to  150) 


Ha  If  round 


K-style 


Sti  iim     a  prevent 
slogging  oi  lownspout 
End  cap  x 


-  Strap  hang  m  are  nailed 
or  screwed  to  roof  sheathing 
o\  thn  ugh  m  :athin ,  to 
tops  of  rafters, 

*  Guttf     upporta    n  ij  •    I 
3"  (915)  o.c. 

-*  Wire  mesh  to  protect  gutter 
from  leaves 


Spike  and  ferrule 
',•;.'■   <    r< 
spiked  to  fascia 
or  to  rafter  tails. 
E3ra  k< 

screwed  to  fascia 
i    1  rafter  1  ill 


"-   End:  action  il o\    e 

^  Lead'  n    '    nspt  it  leads  to 

storm  sewer  or  dry  well. 
-*  Provide  I  adei  he  idfordi  •  m  poul  - 

over4G!  (12  m)  long 
•~j  Straps^      1  bottom, 

and  intermediate  joints 
^  Downspout;  1  sen  in.  per  100  sf  (1:14,000) 

of  roof  area;     (75)0  mini 
■—  Elb nd  -pi  1    block  or  connectioi 

to  storm  drain  system 


4"  (100)  wide gutl  ri    upl 
750  si  (70  m; )  of  roof  area; 
5"  (125)  gutter  for  up  to 
1400  sf  (150  m2), 
Slope straigh  runs  /  "per 
fool  (1:200)        ind  solder 
orseaijoi      with  n     i< 
provide  o,  1    on  joint   for 
runsovei  10     !    ilong 

V4"  (6)  for  12:12  roof  slope 
'*  '    5)fi    ?;12  roo    lope  — 
5m"  1 1  d)  oi     12  roof :  lope  ... 

Place  gutl       *.  k  vthi  roof 
slope  lin    ..    h  •    no^  or  ice 

can  slide  free. 


CSI  M  ;f  -:  ■   iatO         10   hee  I   ;   R<   fing  Spe    .,' 


is    Hwnmn 


Flashing  refers  to  thin  <   ntinuouspi    es  of  sheet  metal  or 
otbei  impervii  is  mU  ialin  !  !> :  1  to  pr<  /<  ntthi  pa;     geot 
water  into  a  structure  from  an  anejle  orjoint.  Flashing  generally 
".«ii'    ontl    prin  ipl<  th    .   t  water  to  j      brats  a  joint 
it  must  work  itseh1  ipwardagains    heforeeoff  vity,  or,  in 
the  case  of  wind-driven  rain,  it  would  have  to  follow  a  tortuous 
path  during  which  the  driving  force  would  be  dissipated,  See 
also  7,25  for  a  di:    lssionofpn  sui     qualizedrainscreenwall 
design, 

Flashing  may  be    po    doi   oncealed.l  (po  edflashingis 
]  in  h  (    isl     tmeta    uch      'I «  m  n  i    o\  per, |  inte^ 
galvanized  teefstainb  •■  >U  :l,zini    Hoy, terne metal, or 
copper-clad  l<  id  M  ta  flashing  liouldbt  provided  with 
expansion  joit      >n  long  runs  to  pi    <  n1  '<>  f<  rm  i  ioi  ,!  th 
metal  sheets.  The  sel  e1    I  metal :  houl  i  not  s1  lisiorbe 
s1  lined  b    idj  ti  enl  m  iterialsorreaotch  mil  ill;  vitl  th(  n 
See  12,09, 

f  lashin.  c<  i<  ab  I  /h  li  icon  truction  n  bly  lay!   ol 

sheet  nit  balora    rl    }    vrfing  meinbi  in  uch    .1  luminous 

I  ibrk  orpl   >ti    >h      n  1  ri  il  ■  pending  >n<  lin  ite  in ! 
.,1  ■!,<  1    ||)  quir,  rri   it< 

•  Alums  urn  and  lead  rea  hemicaliywil  merit  mortal 

•  Some  II   ihin  imatei  il  <  1   Jeteriorati  th  exposure 
to  sunlight. 


!■■■!  l\ 
I    1  ;i 

t     i  #1 


if  ft 

■M    // 


Upturned  edgi  •  md  sloping 
surfaces  11  -  gr<  \  I  ?  to  lead  water 

to  the  outside. 


Intf  Ioi  king  ••mo   form  J  ibyrinth 
that  inhibits  the  passage  of  water. 


Water    irif    letrati    joii     hrough 
m  faci  ten  for  an  "ii  ;'    action 

(  spill  ii\  k  ii  nh     m  1  fe  I  al  ion  of 

surfat   tensioi  >  wht  h  the  jr  rtet 
hi    on  ofa  liquid  to  a  si  lid     rfaci 
than  intern  »■"  !      >n  r\  thi  I1  p  id 
itself  case  1    trm  liqi  id  obi  elevated 

gainsl    vertii  tl  surface, 
Drips  and  .•■.em;.  S  )rm  capillary 
breaks Ivl 'a  :n l w.  urfaceswide 

noug     *;<•  v  n1   *        'ill  iry  k  tion 
( I  mi   -.''  -  th  ougl  th<  -pi. . 


Roof  valleys,  ridges,  hips,  and 
han     si    ■    pil 

Rod  pen(  trations,  such  a    :himneys, 
roof  drain    a  it    ip<      1" :  skylight! 


IVi  idowan    loor  openings 

Roof  eaves  and  rakes 
Floor  and  wall  intersections 

Intersection  b  h     e  roofs  and 
vertical  suri  11 


Where  the  building  meets  the  ground 

(pansi  >n  joint    ind  other  brea     u 
the  building  skin 


CSI  07600  Flashing 

CSI  07620  Sheet  Metal  flashing 
CSI  07650  flexible  flashing 


Ifl  111  |g    01  iti  II 


Cast-in-place 

i       1  reglei  ^"~""  "'~p^ 

• v  i  / 

vinyl  tubing  -__[__,.. 

Turn  up  2"  (51)         \ 
minimum 

Cap  flashing  terminates 
in  a  continue)        ,  .    i 
hi       .  (  •    ■    oci 


m  h     hroughs  ,:'<   [     •  i 
in  masonry  wails, 
Caporoountmrflashing 
should  lap  b       ashing  at 
least4"(100). 
Base  fie  T  i ,  h  uld  extend 
a"  to  12"  (205  to  30  ■)  bo  e 
high*   i  ai  tii  ipal  .     merlin  , 


The  flashing  details  on  this  and  the  following  pages  illustrate 

i  ,  ,!    indi  on     i     ml       iptedfoi       •  •  ;     rioi    buil  ii 
materia!     idassemhl    , /Mldimensi  ,  lin  mu  n     :    hi 

condition^       .  .  I  t  •      say  dicta      reatei      rl  p:  Consult 
m  manufacturer  for  details  of  flashing     ifiashingai 

||  |  —  Exteri    ,   '1  finish  over 

|  1  layer  of  building  felt 

j  |  -  ewer  up 

-j-i—  :  at  least  2"  (51). 

I  I  "  ^->  Cap  rcounl  i    • !- 

j  j  ;  yy    ,         4"  (100)  lap  minimum 

|  |  !    '.  '  Baseflasl  ing  mould 

|  |  extend  a"  to  12"  (205 

||  '  '!        /'  to 505    e,,  hi  hest 

|t  '  antici  «■        berlim 

I  |  ■■  _, —*  Cant  stria 

l  "  *  Roofing  membrane  •-,, 


Masonry  or  Concrete  Parapet 


Stud-Framed  Parapet 


iMm 


I  '  (13)  n  i  im  ! 

Stone  or  j,;.  cast  concrete,  .'ping 

Rubbed  or    ib  ••  >ed  through-wall 

flashing,  idi  ipi   ;ei  :i 

Capflashin : 

4"  (25)  lap  minimum 

5a     fi !  '  ni    hou  i    k  d 

to  12"  (205  to  505)  above 

highi       nti<  ip  bedwal    lin< 


-*  Gravel    o     us1  be  high 
oretai     >ofi  iggra  \  i 

—  Cant  darn 
-*  Base  flashing  over 
cant  dam 


rasciaoepth  vanes, 

ontinuou    /in    I : 

i    heavi    o 
being  restrained 


Metal  Grovel  Stop  find  Fascia 


Metal  Copings 


nchoi      ,,    ith 
ornpi    •     ii  • 
Continuous  cleat 


Anchomguttei    i 

,   Hi  h  »l  '    >H 

j;ru  :    :';-".  I  IU  .      pi  i 


fto3 
(25  to 

iJ/2"f- 


3/4!'(19) 


Metal  Gravel  Stop 


r  (ioo) 

Teated  wood  nailers 


Continuous  cleat 


,  *>     o  ^o  :  u  ;p;j  in 


Lap  shingles  in 
alternate  directions 
4"  f  1 00)  minimum  • 


4"  (100)  minimum    • 
Fl  ishingisatl  !<  hed 
with  screws  and 
neopreni  -  i  mers.  % 


i  ( rmedrnel  ilrid  (event 
with  weathei  baffle 


>* 


•  Lap  Idle  I    off  la  :>ir'm  l"  (100) 
Ridge  Flashing  -  Concealed 

*  4"  (100)  minimum  -x 
f  Roof  in  mi  mbi  me   / 


Ridge  Flashing  -  Exposed 


niooim 


Ridge  Vent 


-»  V2"  (15)  edge  crimp 
-*  5"  (125)  minimum 


Cap  fla  fling  ;\  strains 
by  a  continuous  cleat  - 
Shingli  roofing  • - - 


Flat  to  Sloping  Roof 


ootrunuous  (M 

Metal  roofing 


Flot  to  Sloping  Roof 


/ 

'  Crimp  1"  (25) 

to  form  splash 

diwsrter, 

1 1  ed  l/aili  y 


'  •  ri   '0  hin  jle 
7i:|t'  0)mii  imunion 
roof  slopes  6:12  or 
greater;  10"  (255) 

on  slopes  less  than 

6:12 

11"  (230)  minimum 

for  wood  shakes  and 

othei    hinfjli 


3"  (150)  minimum 

.ap  at  least  4"  (100), 
I'1  (100)  minimum 


^ 


ev 


Projecl  wood  >hinejles  and 
shakes  1"  to  1  J/s,f  (25  to  35)  to 
form  drip  u  e  1  n,  leal  drip  edg 
with  other  roofing  shingles; 
over!  ipinn      id  of  gutter,  ^ 


in  areas  >u\  |  :i    to  wi  id-driven 

snow  and  roof  ice  buildup,  eave 
ii  i  M'mcji  vers  did  sheathing  is 
required;  see  7.3. 


lop  of  Shed  @  Wall 


Eave  Flashing 


Ff  a  t  pa  nw/3// (19)  drip  ^" 
Flashing  §  ridge  -^ 

Cricket  is  a  saddle 

constructed  to  divert  water 
around  a  chimney  or  other 
projection  on  a  sloping  roof: 
it  is  flashed  with  one  or 
two  pieces  with  locked  and 
soldered  joints. 
f3ase  flashing  should  extend 
up  wall  and  onto  roof  at 
least  4"  (100)  with  minimum 
sidelapsofo11  (75);  hold  back 
pieces1/?"  (15)  from  butt 
edges  of  shingles. 
Cap  flashing  should  overlap 
base  flashing  at  least 
4"  (100)  and  extend  into 
masonry  4"  (100);  sidelap 
5"  (75)  minimum 


Stepped-pan  through-wall  flashing  -y 
is  used  for  chimneys  built  of  porous  masonry 
materials  such  as  stone  or  rubble, 


Chimney  Fleshing 


Extend  to  flashing  up 

under  skylight  frame  x 
4"  (100)  minimum  v^_ 


Skylight 


•  Shingle  exposure 
plus  2"  (51)" 

•  2"  (51)  sidelap 
.  4'  ■      " 


minimum 


e  '  "\    "s- 

i 

! 

i 

******  4 

Vertical  fall  Flashing 


4"  (100)  minimum 
2"  (51)  minimum 

Extend  base  flashing  up 
wall  at  least  4"  (100)  and 

onto  roof  at  least  T  (51), 
Hold  flashing  pieces 
back  from  exposed  edges 
of  shingles, 
Exterior  wall  finish 
serves  as  cap  flashing, 


Nonhardening  sealant 
Draw  band 

Metal  hood  -— -^ 


y]  (205)  minimum 
F1  (100)  minimum 


Toll  Pipe  or  fob 


Extend  flange  4"  (100)  above, 
&"  (205)  below,  arid  &  (150) 
to  each  side  of  stack, 
Shingles  applied  over  flange 
at  sides  and  top 
Flange  laid  over  shingles 
at  bottom 


Stock  Flashini 


Minimum  2"  (51)  lap 
Soldered  lap  seam  - 
4"  (100)  minimum  ^ 
Metal  pitch  dam  >x 


•  fe"(150) 

•  12"  (505)  minimum 

Vent  Pipe 


frEJl 


y Ji 


n     ifjyj,  CLASHING 


Wall  flashing  is  installed  to  collec    nymoisti     thai 
may  penetrate  a  wall  and  divert  it  to  the  outside  through 
weep  holes,  The  drawings  on  this  page  illustrate  where  wall 
fl  i  mingi:  u ;  ill\  requi  ed.M  i  >onry  wal  >mi  pecia  >^; 
susceptible  to  water  penetration  Rain  penetration  can  be 
contrail  Ibypropi    /1  dingniorl  i  joit  ts   eal  if  j  >ii , 
such  as  those  around  window  and  door  openings,  and  sloping 
Jk  h  rizontalsui        ofsill    nd copings. Cavity     I 
especially  eff  ctiw  in  t  si  -lit.;  the  penetration  of  water. 


•  Turn  up  2"  — 
(51) 

Head  Flashing  ~- 


. 


Siil  Flashing 


•  Slope  top  of  coping  to  drain 

*  'A?"  (15)  maximum  ,—-— 

Parapet  Flashing  ^ 


Spandrel  Flashing  -.^ 

•  Weep  holes  at  24"  (610)  o.c. 
in  brick  masonry  walls  and— 
52"  (515)  o.c.  in  concrete 
masonry  walls.  ^    ~~-\ 

•  '/a"  (15)  maximum; 

it  is  preferable  to  extend  N 
flashing  beyond  the  exterior 
face  of  the  wall  5/4"  (19)  and 
bend  down  at  a  45°  so  that 
•  rl  ,\    mdripfra  o\  tin  m 


Head  Flashing 


ill  Fli  hing 

-    <;>  pi  .  '  i  ■  i   ill  to  drain 

•  Drip ^ _^ 


I     I 
.  if  ! 


I  r~ 

3 

J 

ar-— 

; 

i  11  ! 

—  Turn  up  2"  (51) 

~-s  Cap  receiver 

—  Caporcounterflashing 

~-  Base  flashing 


Reglettoi     ivel     hing 
/•  i  rnal   po  tiof 
■I  ipa  i  Irel  fla:  I  in , 


Turn  up  2"  (51) 

6"  to  9"  (150  to  250) 
differentia! 


Threshold  -— 
Slope  paving  ]%• 


Base  Course  Flashing 


li 
1 

i  V 

!, 

Jose  Course  Flashing  - 
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Structural  steel  or 
reinforced  concrete  frame 

Anchors 

Wall  panels  of  precast 
concrete,  cut  stone,  brick 
masonry,  or  metal 


For  glazed  curtain  wa I! 
systems,  see  b.oi 


A  curtain  wall  is  an  exterior  wall  supported  wholly  by  the  steel 
or  concrete  structural  frame  of  a  building  and  carrying  no  loads 
other  than  its  own  weight  and  wind  loads,  A  curtain  wail  may 
consist  of  metal  framing  holding  either  vision  glass  or  opaque 
spandrel  units,  or  of  thin  veneer  panels  of  concrete,  stone, 
masonry,  or  metal. 

Panel  systems  consist  entirely  of  precast  concrete,  masonry, 
or  cut  stone  units,  the  wall  units  may  be  one,  two,  or  three 
stories  in  height,  and  may  be  preglazed  or  glazed  after 
installation,  Panel  systems  offer  controlled  shop  assembly 
and  rapid  erection,  but  are  bulky  to  ship  and  handle. 


While  simple  in  theory,  curtain  wall  construction  is  complex 
and  requires  careful  development,  testing,  and  erection,  Close 
coordination  is  also  required  between  the  architect,  structural 
engineer,  contractor,  and  a  fabricator  who  is  experienced  in 
curtain  wall  construction. 

As  with  other  exterior  walls,  a  curtain  wall  must  be  able  to 
withstand  the  following  elements; 


Loads 

-  The  curtain  wall  panels  must  be  adequately  supported 
by  the  structural  frame, 

•  Any  deflection  or  deformation  of  the  structural  frame 
under  loading  should  not  be  transferred  to  the  curtain  wall 

•  Seismic  design  requires  the  use  of  energy-absorbing 
connections. 

lid 

-*  Wind  can  create  both  positive  and  negative  pressure  on 

a  wall,  depending  on  its  direction  and  the  shape  and  height 

of  the  building. 

•  The  wail  must  be  able  to  transfer  any  wind  loads  to 
the  structural  frame  of  the  building  without  excessive 
deflection.  Wind-induced  movement  of  the  wall  should  be 
anticipated  in  the  design  of  its  joints  and  connections, 

Fire 

-  A  noncombustible  material,  sometimes  referred  to  as  safing, 
must  be  installed  to  prevent  the  spread  of  fire  at  each  floor 
within  column  covers  and  between  the  wall  panels  and  the 
slab  edge  or  spandrel  beam, 

•  The  building  code  also  specifies  the  fire-resistance 
requirements  for  the  structural  frame  and  the  curtain 
wall  panels  themselves. 
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Watei 

9  Rain  can  collect  on  the  wall  surface  and  be  wind-driven  under 
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Pressure-Equoltzed  Design 

fn<  pi  e  we  i  \  aliz  ;d  design  principl  s  outlined  oi  p§  1 ;  i 

become  critical  in  the  detailing  of  curtain  wails,  especially  in 
'  rger  md  i  ,!-.  I  Hiding  -  vher<  tl  jpn  surediffei  nti  I 
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in  wail  joints. 
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1  -i:::   -  • 

Openings  in      .  '■  ;  m 
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1  il  m  h  Side 
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Structural  Steel  Frame 


For  accessibility,  top  anchorages 
are  best. 

Structural  tees  or  brackets  bolted 
or  welded  to  column  flange 
Angle  clip  shimmed  and  bolted  or 
welded  to  flange  of  spandrel  beam 


A  wedge-shaped  slot  receives  a 
wedge-shaped  nut  that  provides 
for  both  vertical  adjustment  and  a 
■positive  connection. 
Concrete  slab  may  have  a  steel 
angle  cast  into  its  edge  or  be  cut  to 
expose  the  flange  of  the  spandrel 
beam, 


Any  of  various  metal  devices  may  be  used  to  secure  a  curtain 
wall  to  the  structural  frame  of  a  building,  Some  connections 
are  fixed  to  resist  loads  applied  from  any  direction.  Others 
are  designed  to  resist  only  lateral  wind  loads,  These  joints 
typically  permit  adjustment  in  three  dimensions  in  order  to 
allow  for  discrepancies  between  the  dimensions  of  the  curtain 
wall  units  and  the  structural  frame,  as  well  as  to  accommodate 
the  differential  movement  when  the  structural  frame  deflects 
under  loading  or  when  the  curtain  wall  reacts  to  thermal 
stresses  and  changes  in  temperature. 

Shim  plates  and  angles  with  slotted  holes  allow  adjustments 
to  be  made  in  one  direction:  a  combination  of  angles  and  plates 
allows  adjustments  to  be  made  in  three  dimensions.  After  final 
adjustments  are  made,  the  connections  can  be  permanently 
secured  by  welding  if  a  fixed  connection  is  required. 


Welded  plate 
Stud  bolt 
welded  to  angle 


sy/  I 


-*  Angle  cast  into  slab  edge 

of  concrete  slab 
/~  Embedded  unistrut charm 


'•  A  horizontal  support  can  be 
suspended  from  the  spandrel  beam, 

-  Malleable  cast  iron  insert 
accepts  a  skew  head  bolt  for 
vertical  adjustment. 


leinforcecl  Concrete  Frame 


Precast  concrete  wall  panels  may  be  used  as  rion bearing 
facings  supported  by  a  structural  steel  or  reinforced  concrete 
frame.  See  5,10  for  load  bearing  precast  wall  panels, 


Bearing  connection;  wall  panels  are  typically 
attached  to  the  supporting  structural 
frame  with  steel  angles  bolted  or  welded  to 
anchors  cast  into  the  precast  units. 


Shims 

Backer  rod  and  sealant 


Tieback  connection 

Slotted  holes  for  adjustment  of  panels. 
Attachments  must  transfer  the  panel 
forces  to  the  structural  frame  and  allow 
for  differential  movement  between  the 
frame  and  panels. 


A  variety  of  quality-controlled  smooth 
and  textured  finishes  are  available, 
Ceramic  tile  and  thin  brick  or  stone 
facings  may  be  fixed  to  the  wall  panels, 
thermal  insulation  may  be  sandwiched 
in  the  wall  panel,  attached  to  its 
backside,  or  provided  with  a  backup  wall 
constructed  on  site, 


Glass-fiber-reinforced  concrete  can  be  used  in  place  of 
conventionally  reinforced  concrete  to  produce  much  thinner 
and  lighter  veneer  panels,  the  panels  are  produced  by  spraying 
short  glass  fibers  onto  a  mold  with  a  ported  cement  and 
sand  slurry,  A  variety  of  three-dimensional  panel  designs  and 
finishes  are  possible, 


Light-gauge  steel  frame  is  attached 
to  the  wail  panels  at  the  factory. 
Thin  steel  rod  anchors  permit  some 
movement  to  occur  between  the  wall 
panels  and  the  steel  frame, 


V2"  (13)  minimum 

panel  thickness  -....._ 
Vs"  (3)  radius  typical 
lJ/2"(3c>)  flanges  - 
a  re  required  for 

inserting  backer  rods 
and  joint  sealant  at 
joints  and  corners. 


Panel  bearing  angles  are  bolted  to  the 
steel  structure  or  to  angles  cast  into  the 
concrete  structure:  nuts  and  washers  allow 
for  adjustment  of  panel  elevation. 

Panels  are  tied  back  with  threaded  rods, 
which  allow  for  lateral  adjustment, 


CSI  MasferFormof  03  45  00  Precast  Architectural  Concrete 
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ASOHUY  VEHEE9S 


Wood  or  light-gauge  metal  rafters 
Height  difference  between 
masoni  /and  stud  wall  depend; 
on  melt''  g;   \t  tail.  —  — -- 


Masonry  veneer  construction  consists  of  a  single  wythe 
of  masonry  serving  as  a  weather  barrier  and  anchored  but 
not  bonded  to  a  supporting  structural  frame.  In  residential 

construction,  wood  or  metal  stud  walls  are  typically  faced  with 
a  brick  veneer. 
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CS1  MasterFormof  04  21  13.13  Brick  Veneer  Masonry 


See  5.14—5,15  for  unreinforced  and 
reinforced  masonry  waii  systems. 
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"■•  Stone  cap  with  dowel  anchor; 

-  Parapet  flashing;  see  7.19. 

-  Expansion  bolts  or  split-tail 
anchors  in  vertical  joints 
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j  Steel  structure;/ 
fireproofing  j 
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-—  Shelf  angle  with  dowel     """-^ 
bolted  or  welded  to  clip  angle 

^8  Support  plate  with  welded  rod 
is  shimmed,  bolted,  and  then 
welded  to  angle  cast  into  edge 
of  slab. 


— •  Angle  bracing  struts 
y  Restraining  plate  with  slotted 
hole  for  expansion  bolt 

--•  Clip  angle  with  slotted  hole 
for  expansion  bolt,  welded  or 
bolted  to  angle  cast  into  edge 
of  slab 


•  Reinforced  concrete  structure 


Shelf  angles  with  welded  bars 
support  panel  at  pockets 
milled  into  edges  of  panel, 


Stone  facings  may  be  set  in  mortar  and  tied  to  a  concrete 
or  masonry  backup  wall;  see  5.35-5.34.  Large  stone  veneer 
panels  from  I-V211  to  5"  (52  to  75)  thick  may  also  be  supported 
by  the  steel  or  concrete  structural  frame  of  a  building  in  a 
number  of  ways. 

*  Monolithic  stone  panels  may  be  fastened  directly  to  the 
structural  frame  of  a  building. 

-  Stone  panels  may  be  mounted  on  a  steel  subframe  designed 
to  transmit  gravity  and  lateral  loads  from  the  slabs  to  the 
structural  frame  of  a  building.  The  subframe  consists  of 
vertical  steel  struts  that  support  horizontal  stainless  steel 
or  aluminum  angles.  Bars  welded  to  the  angles  engage  slots 
in  the  lower  and  upper  edges  of  the  stone  panels. 

•  Stone  veneers  may  be  preassembled  into  larger  panels  by 
mounting  the  thin  slabs  on  non-corrosive  metal  framing,  or 
by  bonding  them  to  reinforced  precast  concrete  panels  with 
bent  stainless  steel  anchors,  A  moisture  barrier  and  bonding 
agent  may  be  applied  between  the  concrete  and  stone  to 
prevent  concrete  salts  from  staining  the  stonework, 

The  required  anchorages  should  be  carefully  engineered 
and  take  into  account  the  strength  of  the  stone  veneer, 
especially  at  anchorage  points,  the  gravity  and  lateral  loads 
to  be  sustained,  and  the  anticipated  range  of  structural  and 
thermal  movement.  Some  anchors  must  carry  the  weight 
of  the  stonework  and  transfer  the  load  to  the  supporting 
structural  wail  or  frame.  Others  only  restrain  the  stonework 
from  lateral  movement,  Still  others  must  offer  resistance  to 
shear.  All  connecting  hardware  should  be  of  stainless  steel  or 
nonferrous  metal  to  resist  corrosion  and  prevent  staining  of 
the  stonework.  Adequate  tolerances  must  be  built  in  to  allow 
for  proper  fitting  and  shimming,  if  necessary. 


d    '  7n      TV   '  . 

eT~~™T'i  ™  \  ! 
irbf  lj 

l|!  .;::ld 


Sacker  rod  and  sealant 

Rod  cramps 
Metal  anchors 

Quirk  miter 


Typical  Monolithic  Stone  Pane!  Details 


Columns 
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.31 


Insulated  and  bonded  eii     Ij  n<  I  . .    isedp      rilyl  >     d 
industri    type  bi  ildi     esei    ».07  fhey  i    /h   i  >  cing »  I 

dized  aluminum  or  steel     hpi    eiaii     nv      ry!i<    - 
enamel  fini  hi     fii  pai  jIi    i     /j  i<  J* '  ■ l  >1  ;  w,  <    ndsp 
vertically!'  ti  j,«  ( 01    wtalsl    I  irts  »pa   d5'to24' 
(2,5to7a  m   i   '■«    lep   dingo    I,  typ    in  profile  of  panel 
used.  Con:   Ii  n  mfactui     for  (  'ofib  .,  siz«      Hoi  ibie  spans, 
thi  rm.  I  ndac  'u  tt  I    I  n<     in<  ii  <t  II  iti  ",,d!  i  ih 


Metal  grave! !  topand  fascia 


Sealant  . 


ira 


nterl  ding    i      oinpa    !    long  thai    idi  ; 


"f>,/ .  '  .      I  pa    is  n  i  i 

I  mey  >mb  i  ui  I  iane<  i  s,  - 


I  isolated  m  ta I  panels  have 
inner  and  outer  sheet-rnetal 
going:      id  /ii  hing<  1 ,;<  ro 
thermal  insulation.  •- --- 


5  ;el  ii  •   »|  ml   twt  n 

exterior  columns  to 

tthi  netalpai  Is. 


-  Metal  panels  span 
vertically  between 
horizontal  girts. 
•  &  to  24'  (2,5  to  7.3  m; 
span  ran^e 


-  Girt 


Sub-girt 


Preformed  ie1  I  wall  p  no!  ol  -,  ilvani  ed  steel    ,  i  lie  5 
I  el    id  lu  Mi  iui  i  me     iil    .  wi  h  or\  gal  do\  it    * 

profiles  in  12'  an  i    <  (3  5  and     fi-     dth    im  n<  t  (panels 
in  istall        partol  ifiel  ble<    <  l!      ten    ii  i 

liner  panel    «i      Cheexti    tc  m   men    I     ••■  ipL  rainscreen 
iliassembl;    ■    11 


Outer  sheet  •-*— ~ — ~— — 

Gauge  oho  il  md  depth  of 
ribs,  flutes,  or  corruption  • 
determine  allowable  span  of 
panels.  — _ _ — — 


^ 


Sub-girl  clo    n  @bo   om 

Steel  bas   in  \k  —- -""""""""" 


Inner  sheet 
Inner  face  may  be 
perforated  for  sound 
control. 

An  inner  gypsum  board 
on  ms  provid  XM 
.    uiredfin       r    ince 
rating. 
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)})  (jifj im\  1/   [/) 

Kough  sawn 

Panel  Textures 


16"  (405)  stud  spacing  for 
;V  (10)  plywood;  24"  (610) 
spacing  for  panels1/?"  (15) 
and  thicker 


more 


Use  only  hot-dipped 

galvanized  nails. 
Jf^  Vb"  (5)  space  at  all  end 
|       and  edge  joints 
T^  Blocking  is  required  at 
i      end  joints. 

i    *  Diagonal  bracing  is  not 

i  required  when  panels  are 

!  ;V  (10)  or  thicker. 

>-  6"  minimum  clearance 

|  above  grade 


texture  l-i  I 

Pond  Siding  Patterns 


Exterior-grade  plywood  siding  panels  are  typically  4'  x  & 
(1220  x  2440),  although  3'  and  10'  [23  and  5,0  m)  lengths  are 
available.  The  most  common  patterns  imitate  vertical  board 
siding.  The  panel  surface  may  have  a  grooved,  rough-sawn, 
brushed,  or  striated  texture,  and  may  be  stained  or  treated 
with  a  clear  water-repellant  finish.  Medium-density  overlay 
[WO]  is  an  exterior  plywood  panel  having  a  melamine  or 
phenolic  resin  overlay  on  one  or  both  sides,  providing  a  smooth 
base  for  painting. 

Horizontal  joints,  which  must  be  protected  by  flashing  or 
other  means,  are  very  noticeable.  These  horizontal  lines  should 
therefore  be  coordinated  with  other  exterior  wall  elements 
such  as  window  and  door  openings. 
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Il 
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I 
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Channel  Groove 


Vl3n  (10) 


Reverse  Board  and  Batten 


5/0"(16) 


^ 


V(3) 

gap 


b  ^  It 


7&"(3) 


74"  (6)  deep,  %"  (10) 

wide  grooves  §  4"  or  13" 
(100or205)o.c 


Putt  joint 
Caulk  or  back  w/ 
building  paper 


Shiplapjolnt 

Typical  joint  for  J 

Texture  Ml,  reverse 
board  and  batten,  and 
kerfed  panels 


7is  (2)  deep,  ,J/s  (10) 
wide  grooves  §4"  or  o" 
(100or205)o.c, 


Overlapping  joint 
Header  for  second 
floor  framing 
Seal  all  panel  edges 
before  installation. 

f5utt  and  flashed 

joint 

Galvanized  or  other 

noncorrosive  metal 

flashing 


Caulkjoint,  — - 
Building  paper 
§  corners  -■—" 

Interior  Corners 


One  panel  edge 
rabbeted  ~_ 
Caulkjoint. 


wide  grooves  §  XI 
(505)  o.c, 


m* 


-"\^ 


Vertical  Joints 


Patten  strip 
Nails  for  battens 
should  penetrate 
studs. 


Horizontal  Joints 


Plywood 
Shiplapjoint 


tapped  corner 
boards „ 


Exterior  Corners 
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On  exterior  walls,  mod  shingles  are  laid  in  uniform  courses  that 
resemble  lap  siding.  The  courses  should  be  adjusted  to  meet  the 
heads  and  sills  of  window  openings  and  other  horizontal  bands  neatly. 
The  shingles  may  be  stained  or  painted.  Premium-grade  shingles  can 
be  left  unpainted  to  weather  naturally. 

Wood  shingle  siding  may  be  applied  in  single  or  double  coursing,  with 
the  following  exposures: 


Shingle  Length 


Single  Coursing 


Double  Coursing 


18"  (405)        6"  to  7-72"  (150  to  190) 
15"  (455)       6"  to  0-72"  (150  to  190) 

24"  (610)      ?f  to  11-72"  (205  to  290) 


ft"  to  12"  (205  to  305) 
9"  to  14"  (250  to  555) 
12"  to  20"  (505  to  510) 


<rt 


-  Nai!  2"  (51)  above  beltline  of 
succeeding  course 

"*  Exposure  (see  table) 

-  V^"  (6)  joints 

/  1  J/4I!  (32)  minirnu  m  offset 

between  joints 

s  Double  starting  course;  lap 
foundation  wallf  (25), 

Single  Coursing  Application 


•  Plywood  or 
nailablefiberboard 

Types  of  Sheothlng 


Breathing  type 

building  paper 

1x5s  or  1x4s  nailed 
to  wall  studs 
Spacing  equals 
shingle  exposure 


Spaced  sheathing  is  required  over 
nonmailable  sheathing  or  siding 


-*  No.  3undercourse 
-j  No.  1  blue  label  shingles 
-  Outer  course  is  702(15) 
lower  than  undercourse. 

--»  Exposure  (see  table) 

^  Triple  starting  course;  lap 
foundation  wail  1"  (25). 

Double  Coursing  Application 


Dimension  and  fancy  butt  shingles  are  cut 
to  uniform  widths  and  shapes,  They  are  used 
on  walls  to  create  certain  effects  such  as 
scalloped  or  fish-scale  textures. 

Dimension  Shingles 


V 

\/ 

■  Square 


Arrow 


*  Diamond       *  Round 


Octagonal     -Half  cove       -Hexagonal     -Fish  scale 


At  corners,  alternating  courses  are  lapped  over  the  adjacent  corner 
shingles  on  the  other  side.  Exposed  edges  should  be  treated.  Corner 
boards  can  also  be  used  to  receive  the  shingles  at  both  interior  and 
exterior  corners,  Building  paper  should  be  used  to  flash  corners  and 
wherever  the  shingles  abut  wood  trim. 


ide  corner  board 


Corners 


Alternating  ove 


tapping  outside  corner  boards 


CSi  MasterFormat  07  46  23  Wood  Siding 


:K\  l^¥i\ 


li 


Horizoi  tal  .mi"  litifl    m  3  lilableindH  <  rent  forms. 


Bevel  siding,  also  known  <  : « < 
siding,  is  madt  by  1 1  Cting  a  board 
diagonally  ti  ro;    its  i  ■•■•    ie< tion 
so  that  tl •   ■win  |h  i  om  thin 
edge  and  one  I  hi.  1    lg<   Ni<  rough, 
(  ^wn:  id  can  I      posed  fo 
stain  finish*  ■  >  'hil<  tl  <  smooth, 
planed  hie!,    info  *  ither  painted 
or  stained. 


Dolly  7arden  siding  is  bevel 
.■  ling  i  •'  '  !    I  along  the  I    i 
edgel      cewt  th<  u  ipei  -J  ;. 
<  I  th,  bo  rdbelo 


iei   la   •  ;   ibbel  dor  furred 
out  to  reccivi     > 

Nailable  wall  sheathing 

lei      ■  i ;    |     thai 
allows  any  water  vapor  in  wall  to 
escape  to  the  outside 

1"  (25)  minimum  lap 
Adjust  exposure  of  bevel  siding 
so  lb  il  com  i     ilii  nn  itlywith 
heads  and  sills  of  windows,  frieze 
boards,  in     thi   la  ri  onta! 
I  ind  . 

Provid;  /  '  pai    foi     pa nsiom  ' 

Face  nail;    iih    h<  uldcl  it 
nderi   urs    i  id  pi  netra     it 
lea  -11/  ito  framing - 

i     kprimebefi     insl  II  fcii  i 


>nti  uou    3  i  iorstrip 
6"fl!  0)  nini  iui  icl<  ai  inci 


•hiplap   d  i.     nsistsof 
boards j(   lededg    o  dgewtth 
verl  ippi  igi  il  la  ted  joints. 


Drop  idingisi <  rnpo  >cd 
of  boards  narrc  !ed  !-  ng 
the  upper  edg<  ito  fit  into 
rabl  etsorgs  o\     in  th   owi  i 
edges,  laid  horizontally  with 
their  bad  oflal  igainstthe 
ithir  J>    "i  ;    >ftl     /all 


lx3verti«  iv  •.  .'•    •<  ei    m  ly 
b    il  f(u  I  •••    th    '  II  studs  to 
i  pi  iti   •  il  i|  li  ,  lin  -  m  en;  see 

7.25. 

W  (19)  minimum  airspace; 
idel     It  ti !   :    nd  insect 
reeningol      I 


in  »id  i  ornei  bo,  rd 

;  ipping  exterior 
'rnerl     wis  x?* 


Corners 

Siding  Application 

Horizontal  board  sidings  ai    fastened  through  the  \    II  sh  ithing  and  into 
I  >      II stud    vitl  I   1  dipped galv  nized  iluminum, orsl  mt    .steel    '^ 
Nailing  is  done  to  allow  the  individual  board  U     pandandi  mtractfreeiy 
with  changes  in  moisture  content.  rzoai  lend:   should  m  et  over  a  stud  or 
butt  against  corner  boards  or  w;   '  w  mddoorl   m  i  «   i  n1     usu  \> 
ippi    Itotl    boai  lendsdu    iginstallal  on  an !  h  joint  ,  ii  Iked 
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Vertical  hoard  siding  can  be  laid  in  various  patterns.  Matched 
boards  that  interlap  or  interlock  can  have  flush,  V-groove,  or 
beaded  joints,  Square-edged  boards  can  be  used  with  other 
boards  or  battens  to  protect  their  vertical  joints  and  form 
board-and-board  or  board-and-batten  patterns. 

While  horizontal  siding  is  nailed  directly  to  the  waif  studs, 
vertical  siding  requires  solid  blocking  at  24"  (010)  o.c,  or 
plywood  sheathing  at  least  °l&"  or  5/4"  (16  or  19)  thick.  Over 
thinner  sheathing..  1x4 furring  can  be  used  at  24"  (610)  o,c. 
A  permeable  building  paper  that  allows  water  vapor  to  escape 
to  the  outside  is  used  under  the  siding. 


Matched  Sidings        •  Tongue  and  groove       *  Shipiap  V 


Channel  groove 


As  with  other  wood  siding  materials,  only  hot-dipped 
galvanized  or  other  corrosion-resistant  nails  should  be  used. 
Treat  ends  and  edges  of  siding,  and  the  back  of  batten  strips, 
with  a  preservative  before  installation. 


Board  Sidinqs 


Board  and  batten 


Batten  and  board 


aid  board 


iaackprime  boards  before 
installation, 

Matched  boards  lap  each 
other  at  corners, 
Undercut  or  bevei  to  form 
drip  at  bottom, 


Tongueoand-groove  siding 
One  blind  naii  §  each  support; 
extra  face  nails  are  required  for 
boards  6"  (205)  and  wider. 
I-1/?."  (5e>)  minimum 
penetration  typical 


Corners 


[3ackprime  boards  before 

installation. 

End  joints  should  be 

beveied  and  sealed  during 

installation, 

Batten  strips  lap  each 

other  at  corners. 


Alternative  Sidings 

A  variety  of  siding  materials  have  been  designed  to  mimic  the 
appearance  of  traditional  wood  siding,  offer  improved  durability 
and  resistance  to  weathering,  and  reduce  maintenance  costs. 
These  alternatives  include  aluminum  siding,  vinyl  (PIC)  siding, 
and  fiber-cement  planks  and  panels.  Consult  the  following 
sources  for  more  information  on  the  suitability  of  these  siding 
alternatives  for  specific  applications, 

•  American  Architectural  Manufacturers  Association 
(AAMA)  Publication  1402  for  aluminum  siding 

•  Vinyl  Siding  Institute's  (V5I)  publication  on  rigid  vinyl  siding 
application  instructions 

•  National  Evaluation  Service,  inc.  (NES)  Report  No,  NER-405 
for  cement-fiber  products 


Channel  groove  siding 

AllowVr/ (5)  spacebar 

expansion 

Face  nail  should  clear  tongue  of 

adjacent  board. 


i3oard-andd?atten  siding 

Batten  nails  are  driven  between 

boards. 

Face  nails  are  centered, 

'/?"  (15)  minimum  space 

72"  (13)  minimum  overlap 


•  Eaattenwind-board  siding 
^  First  nails 

-  fooard  nails  should  clear 
battens, 

-  lit  (13)  minimum  overlap 

Vertical  Joints 


TJflf  f 


Wood  or  metal 
stud  frame, ... 


1     i 


-"*  Stucco  is  applied  in  three 
coal   o     ,'n  i  backed 
expandedsrietal  or  wire  lath; 
see  table  below  tor  thickness, 
See  also  10.03-10.04 
for  general  information  on 
plaster,  lath,  and  accessories, 

-  Metal  'einfoi  mi  i  i  mi  stbi 
furred  out  Va"  to  :W  (6  to 
10)  to  permit  the  stucco  to 
completely!  « bed  the  metal; 
lath  may  h  .  H  '  tiling  or  be 
attached  with  special  furring 
nails, 

-  Waterp         'ides   pei 
or  felt 

/  Wall  ft  ma  i  iybi  Mi  ith  d 
oi  un   u  i1  i  d  li  un  •!     I  i  d 
the  frame  must  be  properly 
braced.  To  support  the 
building  paper  and  lath, 
line  wires  a r<  strung  i  htly 
across  the  studs  at 
!    (1 50)    > 


Stucco  is  a  coars  pla  i  t  omposed  of  portland  or  masonry  cement, 
sand,  and  hydrat  d  lime,  mixed  with  water  and  ipplie*  in  ipla  arm. bate 
to  form  a  hard  cover  id'  fore  ieimrwalls  lln  <    ith  i     id  fin  resistant 
inishisn    n  illy u  ■  d  „  rexterf  f .  i  ,  i   !  - ,  t    buti   ;ai    Isob 
i  x  I  forinl  :ri<  i  <<  lis  in  i  t  ling    ha1  an  ■  ubj<  t   odi  e<  I  v  ttingor 
damp  conditions. 


Concrete  or  masonry 
wall  with  joints 
stru    flu  s 


-•  Stucco  is  applied  in  two 
coats  over  a  suitable  masonry 
orconcr  •<    urface;see1  tbli 
bel(  e  forthii  I  ness 

*  The  masonry  or  concrete 
wall  houldbi   mrm  tui  ilh 
sound  and  its  surface  should 
be  free  of  dust  grease,  or 
other  oi  tarn  n  int  >  that 
would  po  - 1 i  (ood  suction  or 
chemical  bond,  In  addition, 

the  •  urfaof    hould  k  rough 
andporom    nough  to  ensure 
goodm    I  ini<  il  bond 

•  M<  i  'I    infoi  <  m  n1    i  I    h 
coat  oi  po  tlan !  cement  and 

i  id  oi  i  bonding  genl 
is  used  i        »d  bond  i 
doubtful, 


Stud  fail  B 


esse 


.oncrete  Hose 


Thickness  of  Porflcirtd  Cement  Stucco 


me 


Minimum  Finished  [hid  ness 
from  Face  m  i  ase 


Expanded  lei  il  or  wire  lath    7/s"(22)  <      rioi 
5l&n  (18);  interior 


Masonry  wal  . 

Concrete  walls 
Concrete  ceilings 


Vz"  (13) 

/a"  (22)  maximum 
,    [10)  ma  im  i  i 


Stucco  Finishes 

The  finish  coat  may  I  \   afloal    tippled     mbed,  or  pebbl        <ture.  The 
finish  m  r  bi  i  itut  '     b<  i  itegi  ill    ;olored  hi  >u  )h  lsh<  iseol  pigment 
colored  sand,  or  stone  chips. 

Float  finish  is  a  fine-textured 
I'  ii  h|  .'d      ;  'ith  a  .  pel 
.  ■  .  '.'       or  rub  <    I  iced  float, 

'    tippf  tn  well  <!  finish  i  I;;''1 
•  ■    -■  stippled  with  a  broom;  the 

.     -         -  high  spots  are  then  troweled. 

■■■'■-  Comla  1   ni  mi:  '  n  mi  .  ith 
..  '■.''■'"-.'.       .  notched  oi  s<  rratedtool. 

!  o  i  -i  ish  finish  is  produced 
by  machine  spraying  >m  ill 
pebble .  onto  unset  stucco. 
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■  i n  ;  •  i  :,    tuci  natively  t     ,•,''■" 

mat    '•'    '•  requ'm    reinfo      nentoi  sti  rd\  rigid, 

unyieldim  «     i  Unlike  • i     urn  >l   ft  ichexpan  Is  I  ,;.  1 

as  it  hards,    portfand  cem.      »tucci  inksai  it  cures, 

(1 1     hri  ika  *.    Ii  rig   ith  the  stress*  i:     I     tru<  tural 

movement  ol  ';■«  bas      pportandvari  >n     i    rnpi  rati  . 

andhutnidii       mcai     th       iccoto  i     Con    >  , ad  relief 

joints  ah-   .  uin  11      imiri      >r  mi  lin  i  i  myi  racking. 


Relief  Joints 

•  Reliel  j(  nt:   i  ii  ic  strei    by 
permitting  idep       i1  movement 
,  long  h  pi   n   tei  of  a  stucco 
nernb  in<    hey  n   r  quin  '    here 
two  planes  of  stucco  meet  at  an 
internal  corner,  or  where  a  stucco 
membrane  abuts  or  is  penetrated 
by  a  structural  clement,  such  as  a 
bean    <  u  11  erlo  Ibe  rinop,   II 

Contra   loints   — • — ~-^_^_ 

•  Control  joints  relieve  stress 

in  thestui  co  mem!  i  m.  ,  nd 
pr<  Ik  n  th  ci  ickin  j  thatcanbe 
caused  by  ?tru*  ti  ralmovemenl 

inthesupportin  jcot  itru<  ti  >n 

dryi  i(    hi  nkag   « m  ■  ri,   i«  m 
ii  tempi  i  ituri  W  i  n  -tuccois 
applied  ov  i  m  rt  ill  inforcement, 
control joinl     h  ul    <   .paced  no 
more  than  v  {  ••    m)  apart  and 
define  panels  no  larger  than 
150  sf  (14  m2). 

«  When  stucco  is  a\  !lk  Idirectl     - 
1 1     in  ,  b      i   ntn  Ijo 
should  be  installed  directly  over 
and  aligned  n'tl     ly  co  tool  joints 
existing  in  the  masonry  base. 

-  Control joii  (a  in  -1  o  required 

Ii     mi  ii   ,   .  nati  rial:     ^ 
meet  nd  ilongfloo   ine:  in  wood 
frame  construction, 


Internol  Corners 


^&— -- —     uppoi 

for  soffit  -x 

!                             | 

I^O^iuJiL^-eJ 

^^^2^^^^::m 

•  i  isinojb  , f  ^'ired            /     /     i 
to  reinforcement  _---''"       /       1 

•  Backer i  da  d  •<■  lant  _.„/           j 

j 

Meta  conti  >    'in  i  ov  <«•>•  f  i  I 
Cui  n  infi  rcerm  E   rj  >in1 

Hori  on    I  com"  oljoi  I  . 
should  pn  idew     «      ',  '-i  - 
as  well  as  a  i  .  !-    ■  king  of  the 
-  i    omeml    in< 

Metal  conti  >Ijoimi  i:  wired  iolath 
Cutreinfon  ;i  ien1    !  i  n 


Stucco  membrane  . — 
Supporting  construction    - 


,  •  •  gbi  id  _.,..,._ 


lose 


Sealant  — - — - 

Concrete  foundation 


inn 


Section 


/'*  p;  ■..  i   ,M  ;n?|  c; 


FINI 


TIM 
1 1  ill 


ItjipCSlSCf  1 
I 

1  If  J  f—  -J- — J- — |— i — fi  j 

,•  ( 

■  -i 

df|j 

! 

I'll 

xils^ 

Ij  ! 

; 

^  i 

-I'll 

/xj-j^f- 

"|  ll 

I      ;: 

I  11 

Jl\tJf~ 

Z|J  ( 

S 

4*  (1 

Rigid  insulation  panels  are  1"  to  4" 
(25  to  100)  thick,  2'  (610)  wide,  and 
2'.  4',  or  0'  (610,1220,  or  2440)  long. 
fh    nsulation  panel  are:  e<  i  oa  to 
franii  walls v  th:  olid  w.C.  i  rest  tanl 
sheathing  or  to  a  suitable  masonry 
•i  H  ic<  with  i  ih<  iV(  o   ne«  iani(  i 
fa:  tenor    l}a  nagedoi  bril  tl< 
»ub:  trate:  may  require  a  mechanically 
fasti  ii*  d  !t  i'     ,  s  n   or  m  mhment 
ofthf  insulation  panels 

The  base  coat  is  reinforced  with 
.]h-    fib  i  i ,.  .h  tops  a  nl  >uri  \a 
cracks. 

n     vi  thetic  stucco  finish  i >  nad 
withacrylii  p  »ly  lei     u     n  iggn  \ati 
of  silica:  md  p  iri   .  hip;  orm  rbli 
•  hip;  to  at  hii '..  tfo  Ii  'in  d  I    tun 
thedesit  ;d<  ol  >i  i    chievedby 
painting  (  i   in  •  ig    i  I  n  ih  coal  with 
pigment. 

1  (19)  t ,( lin  umex]  i  njoinl  are 
,, . « «  -•  tfli  r level  an:  I  id  fi  iming 
wh  i  i !-  §i  anl  il  i1  0(  sur, 
or  wis  iv  ■  • ' !  ii  1 1'  i<  in1   ■  is1  iri  Che 

upportincj 

)|ymei   n   ii i  ■.  >  ■  ■■  .     ■ 

j  cepl  bl(  ti    h  inkagi    f  *  •" < 
Tht.ai1ffh.ui  »tucci  i  nishmust 
tin  refon  k  d  id*  Mn1  >pan  Ian  i; 
with  control  joints. 
Backer  rod  md     ilan! 


Expanded  j  »!ysty   n  i  .generally 
used  above  grade,  extruded 
)|y:  a,,«  '  l  low  *>  id 


Exterior  insulation  and  fini  hsy  terns  (EIFS)  ire  available  foi 
h   lingth      terioi  < !  new   tru  tures     v  II  i  >i  i  ul  ting 
andrefacinge  i  ting  buildings.  Th<  .ysteni  consists  of  a  thin 
lay  t  -I :  ynt  i  ntt  sti  <»v  ti  >weled  rolled  <    ■ j ray  d  over  a 
layer  of  rigid  pi  istf   oamin  mlation. 

E1F5  systems  are  susi  ptibb  toleaking  round  windows  and 
doors  b(.(  u  t    I  >oord  ,    ling  or  I  ui  /in  I  illation,  There  is 
no  intern  i  Irain  ig<    ;   temtha  m  uld  illow  in  w  ter  !•  h 
doespeneti  te  the  system  ■    scapf  rhi:    rapped  water  can 
cause  tin  .H  ulationlayei  to  separate  from  th<  substrate 
or  the  sheathing  to  leteriorate  foaddres;  this  problem,  a 
proprietor  /:     U  mu       idi  inagem  I  i"-1  ill  d  between  an 
lii  in  I  watei  •  irrt  i  md  th<  n:  ilationl  ;  t   o  illowwal  r 
I  i  I  lin  ti    lasticfla  bing    b<  Vi      he,"  tin ,  •  ;  >da1  the 
base  of  the  wall. 

There  are  two  gers  rid  pe:  oi  i  If  ■  am  m  i;p<  lymei 
mo  Irt  a  ndpolymei  based     »1  m  -  Poly  n  -  modified 
sysl    ns  consist  of  a  portland  cei  lenl  ba      oa1  from 
'M"  to  5/o"  (6.4  to  9.5  mm)  hie   reinfon  d  ath  metal  wire 
:  thorgl    •  fib<    mi   hi  istc  i<    to  the  in  ulatt  n  layer,  in 
are,  >  ml  jei     o  impact,  heavy-duty  fiberglass  m    his  used 
in  place  of,  or  in    iditi  mtoeth      it    ;  <       h,  Hie  finish 
coat  of  po   I   '.'  emerrl  i    no '  Red   ii         It  polymers, 

Polymer  based  s^ istoi    port    ,  1  cement  or 

acrylic  polymer  base  coat  las"  to  Ve"  (1.6  to  6.4  mm)  thick, 
reirrforci  !  vith         fib  1 1 1        nb  Id  latthc  time  of 
installation. Hi.  fini  I  a  ji  i:  mad  withacryli  polymers. 
I  olymei  ba    d    /stems  in  n<  n  .  la  am  indi  rack  n  fst  ml 
than  polymermnodift     *ys1  m    bu1  ilso  more  susceptible  to 
denti  g  in  lpun<  turin< 

•  Consult  si  md,  d  pi h''  T.  lb  thi     '     orlnsut  fci<  i 

M  mud  ictus    >Assi    ,  ,. .  (I  I  '  .  .  « !    tall    ion  details 


Continue  bas  co,  I  glas  » fiber  mesh, 
an  I  fini  hc<  a  onti  ".-  i!l  »url  < 

minimum  of  4"  (100). 


Drips  and  f  oi  itivi  V  join! 

are  cut  with  a  router.  — 

wV  (19)  minimum  v 


CSi  Mosfeif  ormot  07  24  00  Exterior  Insulation  and  Finish  Systems 


//Jf 


The  prim  irypurpo  fthermal  ulatio  o  control  he  flow 
ortransT  rof  I  !  hn  ugh  loT  xterioi  -s  nblii  >;  I  i  building 
-,  ;  ,i  .  i  ^preveml   x<  itlossinoold  «ea 

heat  pin  in  ho1  •-  at!  as  This  control  caneffe  tively  reduce  the 
amounts*!  ,  ;r§yi  quired  b;  i  itin*  nd  cooling  equipment  to 
maintain-  n  i       >forhuma    omfortin.  building. 

LEEiaF.As  i  .! !    Optimi    Energy  PerT  'm  mce  ,e 


Because  tern |  turf  iifl  renti  is 
usually  gre  terinth  w\  7mieofa 
b  ildin<  th  i  »o  tructure n  i  ■ 
■  '  i     hi  rm    i       itionthai      II  or fl 

structures, 


'  n 


Concealer  rooi  -y  i  ;s  require'" 
ventilation  tod    iipati  any  stray 
water  vapor;  see  7,47, 


Continuity  -hoi  Id  b  n  lintainedat 
o  n  lation   I    i  vail  ind  i    fjunctui    . 
t(  fori ;  i  inn  >rok  n  nvf  lops  <  i 
protection  i§  i-  st  hi  ittra  amission. 


li  ■  il  tin    i  :    i  nd 
weatherstrippin§  limit  heat 
transfei  i1   'indow     ><   looi 


The  tern  pes  uu  ed  h  rential 
etweenl     .  mi   i    j  o  sandthf 
ground  is  I    ••■  i  nb<  tweenindoo 
•  p  ■,  •    nd  th    mtd  orsabove 

grade, 


lecommeiidacl  Minimum  Thermal  lesistances  of  Building  Insulation* 


Zone 

Ceiiifig 
or  loot 

Exterior 
Wall 

Floor  over 
Unheated  Space 

inimun     com 

19 

11 

11 

ithernzone 

26 

15 

11 

Temperate  zone 
North*  rnzone 

m 

3d 

19 
19 

19 
22 

For  s/entilati  i  of  crawl  p  ces,  >ee7A7. 
Thermal  ins  '  tioi  is  equire(  bi  twet  i 
-     i    I     :  inh    i 


Foi  idiscui  T    ofthi  i  cto     hal 
affect  hut     ■    >m     ,    ee  11,05, 
For  siting  fa  tors  thai  ilso  affect 
■  ■  i  ,  •    Ih  -i         ■  ,  „         hapti 


Usethes        li      >nl       prelimin      lesip,     isuitthel     I 
i     fate  energy  code  for :      ifi     quires   :n1 


CSI  MasterFormat  07  21  00  Thermal  Insulation 


§    inMumti  'n::i\\t*ti>t:  or  shilmim^  m.wmw 


Material 

Concrete 

Concrete 
Sand  &  gravel  aggregate 
Lightweight  aggregate 

Cement  mortar 

Stucco 

Mosonry 

Common  brick 

Face  brick 

Concrete  block.  3"  (205) 
Sand  &  gravel  aggregate 
Lightweight  aggregate 

Granite  and  marble 

Sandstone 


Aluminum 

Lara  sc 
Copper 

Lead 
Steel 

Wood 

Hardwoods 
Softwoods 
Plywood 

Particlehoact  !7s"  ( 
Wood  fiberboard 

Roofing 

Built-up  roofing 
Fiberglass  shingles 
Slate  roofing 
Wood  shingles 

Siding 
Aluminum  siding 
Wood  shingles 
Wood  bevel  siding 
Vinyl  siding 


16) 


1/k 


O.Od 
0.60 
020 
0.20 


020 
0.11 


0.05 

o.ob 


o.oooi 

0.00)0 
0.0004 

0,0041 
0,0052 


0.91 
1.25 
1,25 

2,00 


1/0 


1.11 
2,00 


0.32 


0,35 
0,44 
0,05 
0.94 


0,61 
0.(37 
0,(51 
1.00 


Material 

Building  Paper 
Vapor-permeable  felt 
Polyethylene  film 

Plaster  &  Gypsum 
Cement  plaster, 

sand  aggregate 
Gypsum  piaster, 

sand  aggregate 

perlite  aggregate 
Gypsum  board,  '/z"  (15) 

Flooring 

Carpet  &  pad 
Hardwood,25/:^;"  (20) 
terra zzo 
Vinyl  tile 

Doors 

Steel,  mineral  fiber  core 
Steel,  polystyrene  core 
Steel,  urethane  core 
Wood  hollow  core,  ]-6Ia"  (45) 
Wood  solid  core,  1-V  (45) 

Glass 
Single.,  clear,  Vs"  (6) 
Double,  clear,  %"  (5)space 

V  (6) space 

Va"  (13)  space 
Double,  blue/clear 

gray/clear 

green/clear 
Double,  clear,  iow-e  coating 
Triple,  clear 
Glass  block,  4"  (100) 

Air  Space 

C5"  (19),  nonrefleetive 
55'1  (19),  reflective 


1/k 


0,20 

0,15 
0,67 


1/P 

0.06 
0.00 


0,45 


1,50 
0.71 
0.0d 
0,05 


1,69 

2,15 
5,56 
2,04 
5.15 


03d 

1,61 

1,72 

2.04 

2.25 

2.40 

2.50 

5,25 

2.56 

1.79 


1.01 
5,45 


The  tables  to  the  left:  can  be  used  to  estimate 
the  thermal  resistance  of  a  construction 
assembly.  For  specific  Rcalues  of  materials 
and  building  components  such  as  windows, 
consult  the  product  manufacturer, 

•  R  is  a  measure  of  thermal  resistance  of 
a  given  material.  It  is  expressed  as  the 
temperature  difference  required  to  cause 
heat  to  flow  through  a  unit  arm  of  material 
at  the  rate  of  one  heat  unit  per  hour, 

Rs=F75tu/hr-sf 

•  fat  is  the  total  thermal  resistance  for 
a  construction  assembly  and  is  simply 
the  sum  of  the  individual  lvalues  of  the 
component  materials  of  an  assembly, 

•  U  is  a  measure  of  the  thermal 
transmittance  of  a  building  component 
or  assembly,  It  is  expressed  as  the  rate 
of  heat  transfer  through  a  unit  area  of  a 
building  component  or  assembly  caused 
by  a  difference  of  one  degree  between  the 
air  temperatures  on  the  two  sides  of  the 
component  or  assembly.  The  U-value  for  a 
component  or  assembly  is  the  reciprocal  of 
its  Rcalue. 

U  =  1/F5 

•  Q  is  the  rate  of  heat  flow  through  a 
construction  assembly  and  is  equal  to: 

U  x  A  x  (ti  -  to),  where: 

•  lj  =  overall  coefficient  of  assembly 

•  A  =  exposed  area  of  assern bly 

•  (ti  -  to)  =  difference  between  the 
inside  and  outside  air  temperatures 


1/k  =  Rper  inch  of  thickness 

1/C  =  Rfor  the  thickness  indicated 


:  uil<  '  t 


aerials 


however  \    Lfloo  an    ot  nl !     -1  .   '       [uiretl           on  of  an  insi      ng      .  ,  ; 

•  i-  ••!'•,,  I-. i.  •    f the !  i<  ma    rial    i    ,  oiri  ml  i     hecomponenl     ,  ■  ,•     n  li 

'  uilding.Ni >,  th  i1    i;  I   <  tivi  in  ul  iti  igi    •  is.fs usually incorpi  rats     miefon         « >"   - 

li  id  iii   pace. 

-  Battin  ub  tion  om\  o\  Flexible     bi  >u  lermali   iul  itionofgl         mineral      Li     I 

in  various  1  ickn      -  dl  ngtl     ndinK         k"(4i      r  610    idtl        H  h  tween 

*  ti  Is  oi  I  •   ndi  ift<  i  ;•  liglrl  wen  l ;    i  on  .,  .  iomsi  n  tin    •       !  with.   .    < 


r  tard  i  oi ,  i  if!  j   \  r,m<  i  I  oil, oi  pi  ><\<    h  I   ;  ml  i  on i:    i        aeon  pi  lerri  in 

■  und  i .    lath  ■,■  ns   ucti 

Rigidfoarnis  mlationi!    pn  fori     Uon  >ti  i<  ui  ilin  s   rting boar  lo  fi   i  ledpl  :  i< 
or  cellular  glasf  Cellular  glass  i   dationisfi    resistant/imp   vloue]   moisture,  and 
dirrii    tonally   tab!   but  h    «  li      th  rmal  *   i(  P  n. .    ib  th  i  foai ,    pi  •  ic 

nsulatio     which       I  in  m    i    n  I mu        pre  I        ll  •     hernial barriei    hem    don 

the  interior  surfaces  of  a  building.  Rigid  insulation  h    ingclosf       :!   tructun      , extruded 

pi  ly   ;-  m  -   ndt  :;  lat  gh  &,an    ici  I  i  e  rt  k  i  ml  mdi  iay  be  used  in  contact  with  th< 

earth. 

i  »•*'!.'  in   laceii  ml    ion  consist    )fa  Pi  ai  i  Iplastii       x  /un  th  n<  th    i    pi  iy<  !  ii 

injeel  di  to  icavi      hereil   dls  estothesu    >un  fingsuri    -  -. 

Loosi  ill!  in  1 1 11    nc  i »«'.,   ofminei  ilwool  ibei  «  )i  ii  ula  verm  uli      i  i«  rtiti  o  ti  j  to 

.  I ilo:  ii  h!,    .  >  >un    b\    mdorl  it  wn  th  oug «   no   leinto   i  j      or  over  a    ip  >orl  i 
membrane. 

*  efted  •,  in  el   ionutilizi       i    eri     ifhigl      !    m    /and lowemi    ivit;      pap         ! 
aluminum  foil  o  fos'PI     md,  'psum  bi    -..is  >n  mcti  i  air/    id    rspai    to  reduce  the 
transfer  of  heal  by  radiation 


Form 


lilateri  ■• 


R-volue  per  Inch  of  Thickness 


att  or  blanket 

Fiberglass 

5.5 

Rock  wool 

5.5 

§d  board 

( ellulai  glass 

2.5 

Polystyrene,  molded 

5,6 

Polystyrene,  extruded 

5 

i  oiyun  hane    <p  ndex 

6.2 

Polyisocyan  urate 

7,2 

Perlite,  expanded 

2,6 

■  imed  in  place 

Polyu     hai  t 

6.2 

os  fill 

Cellulose 

5,7 

Perlite 

2.7 

Vermiculite 

2.1 

ist 

, i  u   tin  eoiii 

1,12 

!>   1  u        ••      i  studs,  joists,  rafter:  or  furring; 
co   Mi.  re  linco  ibu;  tibd  e:    ;p1  for)  i  >ei  facing 

3i  in     na\  I  e    pli  lov<      roof  deck,  ovei      I 
fram       ■  !      hing   k    (ty  wall   oi   eneathan 
interior  Iii  i  hm  ii  ;rial;tl    'l  *  ;      ire  <  tnbustible 
and  give  ob  toxic  funii    vhei     rned  extruded 
»oly  ntyren      nl    used  in  contad  witl    le  arthl  ui 
anyexp?  ei  sui    i       !  mh  ■    >,  rol    •■•    m\    >u  iii  h 

Used  to  insulate  irregularly  shaped  spaces 

Used  to  insulate  attic  flos      n      I      v> 

may  be  com  ned  with  adhesh       rs)  <K5  ition; 

1 1 1  ilo     >bo  ildbeti    '      i  *  v   lis   ■'■    ,  i  •      ', 

'  ■  sdprim  il\   s  mi  i  -r  iti  u  I  /£  un.   i  m  mbi    i 

-■'  ng  i   mi  tin      luedi       Ison      lensil 


/]■     ifii^PfYSii^  ii-i  "sI-pm 


^ 


Vz"  (13)  gypsum  board 

)"  (21  0)fil  reja  >\ 
batt  insulation 
mm"  (19)  pi      ■•  ■  .ubflooring 

Pv-51,7 
U  =  0,05 


The  steady  state  11  thodfor   ilculal  ig  h  itiossorpin 
takes  into  account  primarily  th  t  'I  il  hernial  n  iis1  mc< 
(Rt)  a  th     >n<  truction  ass  rt  bly  1 1.  th<  difl    ■  tialinair 
i.  ripei  tur     >thi    factors  that  affect  heal  loss  or  gain  are: 

•  The  surface  color  and  reflectivity  fthern     rials  used; 
light  c(  Ion  in  I    lit  -    uri  u     i  nd  I    i  eo«  I  mon  therm  1 
radiation  than  d  irk,  textured  ones. 

•  The  mass  of  the  assembly,  whf     «j   ctsth  time  lag  or 

lei  yl  fore  my  a    orbed  and:  ton  Ih  rl  i:    elea  'dbythe 
structun    imelaghf  omi       t  nifi  ml  factor witl    hii  I 
dense  materials. 

•  fheorii  rl  I  onoi  i  <*  rioi  uri  iceso  tl  lilding,  which 
affects  solar  h  i1  lain  i:  well  -  posure  to  wind  and  the 
attend  ml  pod  i  ti  il  ft  i  mi  ifiltratioi 

s  Latent  heat  sources  and  heat  gain  from  the  occupants, 
lighting    n<  ec\  \'\\  merit    !  i   i  i  building, 

•  Prop*    i1     llation     th<  rmalin    lation    id    pi  i 
retainers. 


ft  =  2.0 

I)  =  05 

;      lueofinsidea   film     0 


Wood  siding 

I  ■ ;;  I'm  )|   per  over 

V211  (15)  plyi  ood  .heathing 

5-W  (140)  fiberglass 

batt  insulation 

V2"  (15)  gypsum  board 


*     1.,.  I  gl  1  in ; 
s  R  =  0.00;  U  =  1.13 


Kt  ==  207 

U  =  0.05 


1st  -  2.50 
U-0.4 


lvalue  of  insid     rfilm      161 


Double  g  izin ,  //  a  '  (  >)  lit  ;pac< 

!?  =  1.61;  U  =  0.62 


Comparison  of  R-values  for  insulated  and  Uninsulated  Assemblies 


Concrete 


I  ini  >hfl    i  i    .    > 
u   tion  x 


fi  tatedi    ■ ; 
sleepers 


Topping  of  lightweight 
,  i  i  ■  \q  one 't  is  x 


f  Slop,  f    ■  !    ;  in*    ;  d\  sin;        /*  Roofing  m        i    ver 


(J  i    ii 


•   Additi  n     if  ii  ulati   i 
required 


optic 


Steel 


/-  Solid  wood 
/       planks  have  some 
1        insulation  value 

*     " ""  ~~ 

T^yy 

s0  Ughtweighl  insulating 
( J"/,  ,  ovei  ste<  Idi  king 


,i<  i  rnu  n  •:  i!.  >51  ■-  gei  „ 
i  i      .    rigi  iinsul,  lion 
\  i  kind 


In    lation  can  also  be 
spi  iyi  !  -.'    5', !« i'  id 

ofdeel 


Precas1  cei  bitioi 
w  d  fil  ,  pla  I  •! 
Ii§htwei§h1   iggregat- 

serve 
•    i   triii  tu    i,  )o\  lei  I 


tii 


Wood 


*  r-ui  o  bl  ink-  i 
1           insulation  within 

[           joist  spaces  x 

1      '         ^ 

__»^_, — „_..  „ „ — ___X^™J 

j     ■ 

1            if  required,  is  laid 
I           toward  heated 
|           space  in  floors  over 

1           |!  •''  "      ; 

ni     flooring  oi     i    d 

in    ;  ition  -- -X 


.  :d<     d  sleep 


M  lint  in  it  I     «t1"(25) 
elf 

E3a1    »rb  tnicet 
insul  ition  -^  - 


Roofing  over  rigid 
n  ■!  ition 


'•■,.''     i       '0  ,     . . 

oseda      to, 
sofirigl     enei  .must be 
long  enough  to  penetrate 

through  insulation  and 

in  ;  ,   .  : 


Floor  Conditions 


Roof  Conditions 


A't    v4eMimmi 


11% 


J    f  / 


Maintain  continuity  of 
insulation  at  floor  and  roof 
junctures, 


Rigid  foam  insulation  may  be 
-  ecuredti  the  interior  faci    I 

'  >    /wall 

Combustible  rigid  foam 
insulations  require  a 
fit    n  i  i  ml     1 1  lini:  i  m  i 
,  gypsun  wallboard, 


Hollow  cores  of  concrete 
masonry  can  be  filled  with  a 
ioo:  >j  fill  insulation. 


Polystyrene  foam  liners  may 
be  inserted  in1  >  the  cores  of 
cot  rett  m  i  onryui  il 


-  Batt  or  rigid  insulation 
in  furred  space 

.-*  Combu:  ti  >Ie  rigid  foam 
insulations  require  a 
fire  esisl  ml  wall  li  ish 
such  as  gypsum  wallboard, 


3fi 


I3att  or  blanket  insulation 
within  stud  spaces 
Maintain  continuity  of 
insulation  at  floor  junctures, 


Vapor  retarder  on  warm  or 
heated  idi  o\  wall 


Spaces  between  rough 
framing  and  window  or  door 
frame  should  be  filled  with 
insulation, 


j  1 

j    ^:: 
1     1- 

j 

1  1 

;     r... 

■ 

1 

IJ 

if 
d 

1 

J 

1   >  >■  iamii  »ul  itionma    < 
secured  to  the  inner  wythe  of 
cavity  walls 
2"  (51)  minimum 
clear  air  space 


Rigid  foam  in  Nation  along 
1 1  if  |     rru  er  of  concrete 
jroi !>  I     bs  typii  illy  2"  x  24" 
(51x610) 


\\d  f<   n  nsulation 
mayb    secured  to 
,  terio  face  of  w;  I: 

Insulation  requires  a 
protective  wall  fini  h  u<  I 
s  acrylic  i  tucci  sei  7.3  - 
for  exterior  insulation  and 
finish  systems. 


Horizontal  framing  to 
accommodal    id  li  io  il 
insulation,  if  required 
V'apoi  n  I  ! rdei 


Rigid  foam  insulation  paneb 
can  serve  as  nonstructural 
wall  he,  thin  * 


M(  istu      esistanl 
foam  insulation  such  as 
extruded  polystyrene  can 
continue  down  below  gradf 
to  the  frost  line  to  insulate 
abasem?  nt  s  *s« < 
Protect <  <;"!  >e  h  u  fa<  i  ■ 
>  ithti    ited|  lyw  o  lor 
similar  material. 


Masonry  Cavity  Wills 


Cos!  Concrete  or  Concrete  Masonry  Walls 


Stud  frame  Walls 


norrro 


/ater 


Evaporation  from  occupants  and  equipment  can  raise 
the  humidity  of  the  air  in  a  building.  This  moisture  vapor 
will  transform  itself  into  a  liquid  state  or  condense 
when  the  air  in  which  it  exists  becomes  completely 
saturated  with  all  the  vapor  it  can  hold  and  roaches  its 
dew  point  temperature,  Warm  air  is  capable  of  holding 
more  moisture  vapor  and  has  a  higher  dew  point  than 
cooler  air, 

Because  it  is  a  gas,  moisture  vapor  always  migrates 
from  high  to  lower  pressure  areas.  This  normally 
means  it  tends  to  diffuse  from  the  higher  humidity 
levels  of  a  building's  interior  toward  the  lower  humidity 
levels  outside,  This  flow  is  reversed  when  hot,  humid 
conditions  exist  outdoors  and  a  building  s  interior 
spaces  are  cooler,  Most  building  materials  offer  little 
resistance  to  this  passage  of  moisture  vapordf  the 
moisture  vapor  comes  into  contact  with  a  cool  surface 
whose  temperature  is  at  or  below  the  dew  point  of  the 
air,  it  will  condense, 

Condensation  can  lessen  the  effectiveness  of  thermal 
insulation,  be  absorbed  by  building  materials,  and 
deteriorate  finishes.  Moisture  vapor,  therefore,  must 
be: 

•  Prevented  by  vapor  retarders  from  penetrating  the 
enclosed  spaces  of  exterior  construction; 

•  Or  be  allowed  to  escape,  by  means  of  ventilation, 
before  it  can  condense  into  a  liquid. 

8  Surface  condensation  on  windows  can  be  controlled 
by  raising  the  surface  temperature  with  a  warm  air 
supply  or  by  using  double  or  triple  glazing. 


on6  f  earn      — JF- 

301  relative  humidity 
inside                             ; 

Warm  air  cavity 


Dew  point 


70°  F  (21°C)  - — — 

301  relative  humidity 
inside 


O°F(-10T)  outside 


without  Insulat 


1011 


Dew  point 


lildir 

1  Materials 

in  HOT) outside 

Permeability  of  Soma  li 

Wall  with  Insulation 

Materiel 

Permeance  (perms)* 

*  Wall  requires  a  vapor  retarder 

Brick,  4"  (100) 

0300 

to  prevent  water  vapor  from 

Concrete,  1"  (25) 

3,200 

condensing  within  the  layer  of 

Concrete  block,  &"  (205) 

2,400 

insulation,  A  vapor  retarder 

Gypsum  board,  5/&"  (10) 

50.000 

becomes  more  important  as 

Plaster,  3/4n  (19) 

15,000 

the  level  of  thermal  insulation 

Plywood,  Vs"  (6),  exterior 

glue 

0,700 

increases. 

Built-up  roofing 

0.000 

*  Perm  is  a  unit  of  water  vapor 
transmission,  expressed  in 

Aluminum  foil,  1  mil 

0.000 

grains  of  vapor  per  one  square 

Polyethylene,  4  mil 

omo 

foot  per  hour  per  inch  of 

Polyethylene,  6  mil 

0.060 

mercury  pressure  difference. 

Duplex  sheet,  asphalt  +  foil  0.002 

Asphalt-saturated  +  coated  paper       0.200 
Kraft  paper,  foil-faced  0.500 


Blanket  insulation,  faced 

0,400 

Cellular  glass 

0.000 

Polystyrene,  molded 

2,000 

Polystyrene,  extruded 

1.200 

Paint,  two  coats,  exterior 


0.900 
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A  vapor  1  rtarderi     n  rterial  of  low  permeance  nstalledina 
construction  to  prevent  moisture  from  entering  and  reaching 
a  point  where  it  can  condense  into  a  liquid,  Vapor  retarders 
are  normally  placed  isclost  is  possible  to  tin  warm  side 
o\  in  iulati  d    >i  >trui  tionii  temp  rait  md;  old  c  lim,  e  - 
in  warm,  humid    im  tes,  the  vapor  re1  mder  may  have  to  be 
placed  do  <     othe  outer  face  of  th     instruction. 

-*    The  use  of  a  vapor  retarder  is  generally  recommended 
to  protect  the  in  ul  tionl  iy<  r<  f  flal  ,;"i  mt  Mm 
ii  ,;.'■  ji  iphi<  lot  itii  nswhei   t\\t   v<  ragi  mtdooi 
i  mp     tun  it  J  ii  m     ii  bel  v    >°F(4°C)  md  I  ii  interior 
relative  humidity  in  winter  is  45  lo\  great*    it  61 V  t  (20T). 

•  The  barrier  may  be  in  h<  <  moi  sph   I   oitur    edroofing 
fell  01  ipi  >pi  etaryi  lateri  \\o\  lowp  rmeance. 

-  When  ivapoi  1    ai  !« 1  i  pi    »en1      ,  1 !  -  ntsin  ■-,  be 
!eq  iin  ,l  to  illow  my  ti  ipped  moisture  to  escape  from 
h  tw<    1  th?  /a  1  or    1  irdei  an !  therool  ngi  1  mb  in< 
Consult  roofing  m  iniri  («  turert  rra  01  irm  ndations. 


Sonii  rigid  fo,    iin  .ul  itt  n board  ha'    i  ihi  r  nl  vapor 
resistanci  .  hi!  othet      ul  itm  mat  ■;  !  hav.  evapor- 
retarding facin    '   apoi  retai    ri  -n    »1 <  PI    tr    h  n  ver, 
wh  'i  ■ !    ppiied        ep,  rat^  I  y(  r  ><  ilt  m  u  m  foil 
polyethylen  film    rtn  ited  paper. 


Vapoi '     •  ■       '",!'  I  havi  Flo*       :    ■ '    le  perm  or 

less  and  k  installe*    >:  ■  ill  msatjoinl    in  I  openings 

I  ipp< '  md  •    led  In  thisca  ivapoi  retarder \s 

■  me-  times  n  ferredtoa:   m  tir  barrier. 


I 


I   terioi  ihi  ithing  building  pap.  r  if,  1  >\  ling  >h-  uldbi 
pi  rrrii  ,; '  I    illo  '  im  >  ( or  in  h  /  II  01    rui  1  on  to 

escape  to  the  outside. 

Overunheal  I  spacesethe  vap*  re1  \rc\  \  \  l<  iced  on  the 
warmsid  o\  thi  in  .ul  ted  ft  01  hi  '  )|  01  tardei  n,  \  b< 
;  lid  on  top<  1  th.  : :  bft  n  01  '  >  integral  ml\  01,  in;  ul  rtion 


Amoistui   barriei  ;  ui  h       olyethyli  1 1  film,  is  usually 
required  lor  I  sol  ii-  mi  jt  rtion oi  gro  ndmoi:  lureintoa 

crawl  space. 
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Whole-House  Ventilation 

•  '  ,;-,     tarders  install      -     >       .    -     m       ;  -    i 

.  .    hi  '**;:    ,  ■     mjnwhi        >    i «  >i  .  ;-  :       I    ■>   • 

■  *  ti  rn    i  ■    nail  U  ,«!  hi   I  ex  han<  ;i  i  -n   uii  -  to rh 
interim  sp       -  i  \o\     11    .  Ion     i      illutants. 

•  Whoh  hoi     ■      ,i  i     -       .    i.    drivi  n 

■  ;  foi  pullirii       !    iri        -     ving  ireas         ^-^" 
ofahousi  mdexh     tin      th      h      it  vents. 

•  Wind      n   U     ri    n    ti    entilator:    "    *~~-~~- 

canasst;  tthei   tur  i  ii  i  owi  in  igh    i 

attic  space,  .  c-:i 


Roof  and  Attic  Ventilation 

*  Ventilation  sfconcealedroo  I   tti      > provided 
byeavc  vei  >•  and  on:    ]  in,  i       by  v  n    <  los<  to  the 
ii:,,-   fli     'talni  ;fn  <  vents!  iti  is.  i      >houl  bi    i  lea 
Vsoothol  thi  ai     being  vented,  witl        as1  50%  ot  the 
re  [i  in  I  ir  (being  ?1  o\  ii  aia,  th<    idge.  Op  ni  icee should  b« 
proti   tedagai    tthepenetratioi  oi  r,  i     n  ••      idi   -  c    , 

•  Eaveor  ."  ii  >e\  sms?     ,i     ■  t s     ontinuous 

,.<  i  d  '.vn • '-  . ;  n  tal  i  n1  ■  tripii  >i  ill  - 
intheeav*  tffit  or  ompi  iseri  >oi  evenly 
distribute  I     cul  ii  pine,  i/ent  -in fri  2   bo  irds.\  1 


!  ioie-i  v  rrtil  itioi  mayb 

provided  bye  continuous 

idg      11    ,     louvei 

:  ;,     ibl<     id  walls  oi 

h  ttii 


Crawl  Space  Ventilation 

•  Unheal    Icrawlspai    >a\eort  iiiii   v(  itil  1  it 
)pen  .;  '    'uldhai    ,        rea  of  ai  least 
1-V4  sf  (0.14  m2)  for  each  25  lineal  feet  (7620) 
of  perim<  1        11.1     e  should!     1  least  one 
opening  o!  1  u     Meo  the  era 
loc  '         h  \     ••       bl<    •■    •    r  j corner 
topronioti  - «  itilation.O]    ling  >  houid 

be  protect  <   •  1  ;,«  !  -  -         1  0  srminvvith 
wire  mesh  screening. 
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Where  a  new  building  adjoins 
an  existing  structure 

Long  surface  areas:  maximum 
length  without  expansion  joints; 

•  Steel,  concrete,  or  built-up 
roofing -200' (60  m) 

•  Masonry  -125'  (36  m) 
Surfaces  with  severe  solar 
exposure  require  expansion  or 
control  joints  at  more  frequent 
intervals, 

Parapet  walls  require  expansion 
or  control  joints  near  corners  to 
prevent  their  displacement. 


Long,  linear  building  elements, 
uch  as  fascias,  gravel  stops,  and 
urtain  wall  framing  also  require 
xpansion  joints. 

At  horizontal  and  vertical 
discontinuities  in  the  massing  of  a 
building,  such  as  where  a  low  mass 
meets  a  taller  rnass;  or  at  wings 
and  intersections  of  L-,  T-,  and  U- 
shaped  buildings, 


Location  of  Movement  Joints 


Coefficients  of  Linear  Expansion 

Per  Unit  Length  Per  1  Degree  Change  in  Temperature  (°F)* 


X 

to-7 

X 

W 

Aluminum 

12a 

Parallel  to  wood  grain: 

Brick  masonry 

34 

Brass 

104 

Fir                       21 

Concrete  masonry 

52 

Bronze 

101 

Maple                 56 

Concrete 

55 

Copper 

95 

Oak                     27 

Granite 

47 

Iron,  cast 

59 

Pine                   36 

Limestone 

44 

Iron,  wrought 

07 

Perpendicular  to  grain: 

Marble 

75 

Lead 

159 

Fir                    320 

Plaster 

76 

Nickel 

10 

Maple                270 

Rubble  masonry 

35 

Steel,  carbon 

65 

Oak                  300 

Slate 

44 

Steel,  stainless 

99 

Pine                  190 

Glass 

50 

All  building  materials  expand  and  contract  in  response  to 
normal  changes  in  temperature.  Some  also  swell  and  shrink 
with  changes  in  moisture  content,  while  others  deflect  under 
loading,  Joints  must  be  constructed  to  allow  this  movement 
to  occur  in  order  to  prevent  distortion,  cracking,  or  breaks 
in  the  building  materials,  Movement  joints  should  provide  a 
complete  separation  of  material  and  allow  free  movement- 
while,  at  the  same  time,  maintaining  the  weathertightness  of 
the  construction. 

Types  of  Movement  Joints 

•  Expansion  joints  are  continuous,  unobstructed  slots 
constructed  between  two  parts  of  a  building  or  structure 
permitting  thermal  or  moisture  expansion  to  occur  without 
damage  to  either  part.  Expansion  joints  can  often  serve  as 
control  and  isolation  joints,  See  5.22  for  expansion  joints 
in  brick  masonry  walls,  7.29  for  horizontal  expansion  joints 
in  masonry  veneer  walls,  and  10,04  for  expansion  joints  in 
gypsum  plaster, 

•  Control  joints  are  continuous  grooves  or  separations 
formed  in  concrete  ground  slabs  and  concrete  masonry 
walls  to  form  a  plane  of  weakness  and  thus  regulate  the 
location  and  amount  of  cracking  resulting  from  drying 
shrinkage,  thermal  stresses,  or  structural  movement.  See 
3.19  for  control  joints  in  concrete  ground  slabs  and  5.22 
for  control  joints  in  concrete  masonry  walls, 

•  Isolation  joints  divide  a  large  or  geometrically  complex 
structure  into  sections  so  that  differentia!  movement 
or  settlement  can  occur  between  the  parts.  At  a  smaller 
scale,  an  isolation  joint  can  also  protect  a  nonstructural 
element  from  the  deflection  or  movement  of  an  abutting 
structural  member. 


the  width  of  an  expansion  joint  depends  on  the  building 
material  and  the  temperature  range  involved.  It  varies  from 
1/4!!  (6)  to  1"  (25)  or  more,  and  should  be  calculated  for  each 
specific  situation. 

•  The  coefficient  of  surface  expansion  is  approximately 
twice  the  linear  coefficient. 

•  The  coefficient  of  volume  expansion  is  approximately 
three  times  the  linear  coefficient. 


One  degree  Fahrenheit  is  equal  to  approximately  0.6  degree  Celsius  or  Centigrade, 
To  find  degrees  Celsius  or  Centigrade,  first  subtract  32  from  the  degrees  Fahrenheit 
and  then  multiply  by  5/a 


Provide  weep  holes  in 
-',    •,  •  it  <    til: 

Cap  receiver 
Cap  or  counterflashing 
1  •      1      -  with 
slotted  holes  or  cleats 
with  loose-lock  seams, 

Premolded  joint  filter 
Waterstop 


■^  Treated  wood  curb 

^  Neo|    tie  bells       /metal 

joint  cover 

**"•  Base  flashing 

-•  #"  (205)  minimum 

-*  Com  pn  >sthlein   i   tion 

—  5ingli    lym  nbr  le  roofing 

j  Spone.  tubing  an  Ijoinl  filli  ' 


Roof  Juncture 


Flit  Roof 


[hi       xp  n  ion  join    !  I  'I  •    (though  general  ii 
n  itui  ,  '  ■     I  e  follow  n§eb  m<  n1    in  omm<  n 


Premolded  joint  filler 

P    i  m<    flexibl        msto] 

Wat  ^proofing 


A  joint  thai  create;  i  <  mpi  s       ik  through 
the  strut  i  re    his  histhei  isu  illy  filled  with 

h    ri|  n  sibl  mal  ri  il 

\i    ith      op th  il  i  layb  in  theform  <•■ 
an  elastic  i  in1     a  n  I   •  Pie;  *>'  waterstop 
embedd   ;  ,<  hin  th<  co ,  trm  tion      i  flexibli 
n  *  nb  in  o   rfial    ?o1  oi  i  > 


Angle  fastened  to  wall" 
•   Siipjoint 


Premolded joi  I  fill  r 
Fli    bl  i.i,    iltii 


>  ■!  ■,.'  lai     «  ib  n 


:         "i    '■ 

■       !  I    • 


""--%, 

;                           / 

//""' 

i i 

Dq\  tail: :<--- 
•  ••  s       -  ii 


Backer  rod  and  sealant 
fail  joints 


-»  Fixed  plate 

■>  Compressible  filler 

/  Siipjoint 

>     r<  .!■   '    joint  fil 

On  floor 


insion  Joint  Covers 
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•  Compressed 

Joint  Movement 


/■  3iris1  ill<  i 


'Elongated 


Joints  ihoul    >e  tooled  1     nsun  full 
contact  with;  nd  idhi  sion  to  substrate 

1  ii    j<  n    I    th  * ' ' -~ 

Full  contact  depth  " - 


' »   tent  depth  r - ■ 

V411  (6)  minimum  for  /  "(6)  joints 

i  -;,i  1       ijiil      Ith  for  joints  up  1 

Half  of  joint  width  for  joinl        |        1     idei 

but 

n     idth  > 

V4"  (6)  to  f  (25)  or  more 
Width  d  pendsonth      1     (     irm,  expected 
temperature    mg<  ,  nti  ipat   I  n?  cans  ntdue 
to  wind  or  sti  Hi  turai  i   •.  ■  •  •    nt.  mdthe 
movemenl  1  >\  bii     of  th    ealant, 


Toprovidi  in  ffeotka  >ealapin      he  passage  of  water  and 

a  oinl   .-hi   1 '  :  bed  ii  ibl    n  ilii  1     mdhave  bo  h 
cok '  m  tnd  id  ie;  ive  >  enqth    eaianl   can  be  i  las  ified 
iccordin  to  1  h  m  >un1    fe)    nsionand    mpi      on  thi  \ 
canwithst  in  \k  forei  lili 


Low  Range  Sealants 

•  Mow  n  nl  •  ip  I  lityof +/-5% 

•  Oil-based  (    1    v  compounds 

•  Often  referred  to  as  caulking  and  used  for  small  joints  where 
little  movement  is  expected 

,"'  '•   m  fag    !  eal  11 

•  Movem  ;-'   %\  <K'''tr'-<i  \  !  l  %to  \iAO% 

-  !  i-    I  rubber.,   1 1%  o\ ,,'<'  ir  ft  1  >mpoi  n(  > 

•  I   edfoi  m  nworking  n  i  liani  illy  fa  U  ned  joints 

High  longe  Sealants 

•  Movem.  it  capability  ol    ,   !  ! '  0  1  /-25% 

•  1  .'lasts  1    i|    11     pi  lysulfid<  »  polyur  I  1   i<      net  silicones 

•  M'.  ii  •    orkinqjoin       ,: ;  « !  ti       jtiifi   ml   mount  of 

i    n     u  h      hi      1    ui   • 


The  substrate  must  be  clean,  dry,  and  compatible 

viththi      ten 

A  primer  rna    .     quired  to  improve  the  adl   sion  of 

asealanl  tot!     ui-  >ti  ?te, 

Tbejoinl  fill)  r    >ntrols  the  depth  oft!     eal   ii  contact 

with  1I1   o\  \u\\  irl     I   hi  ildbei     ipi      ibh  end  be 

compatible  *  ith!  u1  no1  idh<  ri  U  th  ..  lam  Ii  m  ly 

b<  in  tl    foi  noi  ,  odorti  bin  |  l  oly  th  ■-  ii.  foa  n 

polyurc  thais  foam  is  ipi  ne,oi  butyl  rubber. 


Wbenth  re  is  in      icientdepl  »i       rn 1 1      ibli  filler 

a  bond  breaker,  such ,    r  s  ■  (  1  1  |       required  to 

previ  nl    ;!>  ionl   tw    n  th<  Ian1    ndthebotl  'in  of  the 
joint  recess. 

Most  sealants  are  vi  a  isliquid  tl  i1    u    after  being 
pi  lie*:  w  th,  ,i  instoperatedorp    '    ]un.Thes<  11 

r. !  ti  d    >      'i  in  ibb    eal  n1  <  >om  '■  i|  j<  •  if-  howev 

arediffk  ultto     ilwithgunnabl  eaianl     fh  s<  joints 

ma;  re  [uin  ii  .1     !    pi  t  ri  led  >l  Ipo  /  uti  r.   »i 
;  olyi  iobut^ en '   ip    ■  ,.  ml  thai     b  i  !i  1  pi  \a  mdi  1 
comprc  -sioi 
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8.02 

Doors  &  Windows 

8.03 

Doors  i  Doorways 

8.04 

loor  Operation 

8.05 

Hollow  Metal  Doors 

8.06 

Hollow  Metal  Doorframes 

8.08 

Wood  flush  Poors 

8.09 
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Pool  >md&  orway  pi  >vi  le  -  (  s  ^ from  ik    ul    d 
into  the  interior  of  a  buiidin    i     HI  as  pas  ige  between 
interii  rspace;  ,">  >n  iy    «hou    thereto    be  large  en  >ugh 
to  move  through  i  i  ily  mda  com  nod  it<    h  moving  of 
furnishing!  mdequipn  nt.  They  should  bi  ocatedsothat 
the  patterns  of  movement  they  en  a1   between  and  within 
spaces  an  ippro  rial    to  the  uses  and  activities  housed 
by  the  spaces, 

Exterior  doors  should    wid        ti  rtigbti    ihwhen 
\o   d  indm  if  i  in  th    ippi  •  imal     i<  rrnal  n  ulation 
value  of  the  exterior  walls  they  p  neti  U  Interior  doors 
should  ofi    the  d   .ire  Iderjrei   >i  'i  >i  il  i  id  icoustical 
privacy,  All  doors  should  beevalual  d  for  I  heir  ease  of 
operation,  durability  under  th.  n  icipati    frequency  of 
use,,  Nscurity)    >    >i<    •  m  I  h  lighl  a   til  ition,  md 
viewthi  /ma     Per,  Further,  th<     may  be  I  uil  ling  code 
requirements  for  fire  resistance    m  i  ■  •:•  ,  gress.and 
.,!,,;    ing  that  must  be  satisfied 


Th,  re  are  man    ypesandsizi     »i  m\    >  ■    the  ch<  ice 

hit     PI    tsm     •. :,  h  j      ical  appeal  m<<  of  a 

'  ,  I  •  ,.  ■  i     I  .    I        ■ ,  . ',  i  ■     '      i    ion  lew 

,    n    fandspati  Iqualii   o\  h  I  ill  ling    n  . , 
spi, ,    ,    witl         '  •  >:  >        in  li       h  ul  I  provides 

ertight  seal  when  closed.  Wind         ncs  should  haw 
lowth    rial  conductivity  or  I       nstructedt<  interrupt 
the  fl       F I       Wi   I      I  ild  retard  th 

transmi       i of h    I    i      ml        I         '  ;'   >  ind  glare. 


^4 

1 

i 

j"'  '■  ,.'■■..     ; 

u «   usi  '  •  r  nd  window  units  are  normally  factory- 
built,  their  manufacturers  may  have  standard  sizes  and 
corresponding  rough    pun;  equi  emenl      >rth<  various 
door  ind  win  l<  \  I    >es  the  i      nd  lo    FT  n  of  doors  and 

vin  I  n    :  hi  uldbecai    ully|  inn  <    -     latadequah 
rough  op(  nintj   m\  \  properly  si     Hints    caul    built  into 
th<  w  II    ;  tern;      i  "ill  receive  therm 

From  an  exterior  point  of  view,  doors  and  windows  are 
np      nl    -  p     '  oi  il     men    ii    h    ,    ign  of  building 
\  ii  ides.  The  manner  in  wl  chtheypuncti   I   <  r  divide 
exterior  walh  mi  - "      iff    I    t!    ma    ing.  visual  weight, 
,oal      id  arid  ul,  t\  <\  -       buildi  ig   >ri 


•  Hollow  mi  a\  doors  and 
frames;;    ibDb-bDl 

*  ^ooddoo\     nd  f i  me\ 
see  0,06-6.10. 


Door  Hardware  _ 
•  Door  hardware  includes 
the  metal  fastenings  and 
fittings  required  for  the 
operation  if  a  looesucb 
a  hi  i(  ^  locksets  am 
<  i<:  ,       ee  6.17-621 


to  ir  0)  sra  loi 

•  See  5.04, 


7" 


\j  L 


u  24"  (010) 

! 
i 

'~ 

r 

•  •"■"•    t 

i K 

! V 


O 

CM 

C4 


52"  (515)  minimum  j 

learwidl  ifor  I?  io   i  iy:    j 


54-B(1370) 


j__ 

.^T 12"  (305) 


•  the  del  iling  H    do  >  fr, mi 

t  bits  hi    tl      p    ranee  of  a 
li  on      Di    n  lin  |  on  the  thi       >5 
•I    ie  wall  construction,  a    >orl  im 

•    /      >etwi  hi  1 1  s     »ugh  op*  lin  - 

oroveiljj  tsedf 

-  Rough  openim  isi     vail  opening  into 
which  a  doorframe  is  fitted, 

*  He  <  r    hi  ippi  rmostn  mbi  i  •  f 
a  doorframe, 

^  Jamb  refers  to  either  of  the  two 

i'!,  »,•-  -i  bei   >  I  idt  orfi  im  . 
j  Stop  is  1  teproj    ti  g  part  of  a 
doo  fi  ii  ^  it  li    tivhii !<    door  i 

*  ■>  im  !  th  trim  that  finish  « 
thejoim  b*  tw    i,   di  orframeand 
its  rough  opening. 

-  Thresh*   ii:  the    II i     di  >rw  \ 

,«,',    igthi  j(  .i    be  eeen  wofl<  *ring 
materials  or  provi  lin  i    ithi  i 
prol  i  ion  i1    iex1  rior  loor 

•  ADAao  i  j  Ability  ui  elim    reqi  r< 
thai  ;  threshold,  if  provided,  be  no 
highei  th  in  '  '(15)  ndbev  ledwi  ha 
slope  not  steeper  than  1:2. 

iddlei:    raised  piece  of  floorim 
between  th  jambs  eel  i  doorway,  to 
which  a  doo  ffl  -  los  (y  so  as  to 
i    vent  ii   bind    j   hen  op  n< 

Doorframes 


-  Opera  n       dwar   >hoi  d  be  easy 

o  rasj  with  s    lai  d  without   igl  I 
pinching  i  •  I   t  ing  '  llu  wrist. 

-  46"  (1  20)  maximum  height 

»i  "  ;',  ■    for  ha  dv  •   i   juin    foi 
ii    •  .■:.■    loorp     » ig< 

-  the  ottom12  .<'••'  >o\  hoi  l< 
have  a  sm  >o1  uninti  upted  £  ,  ;i 
to  allow  the  dooi  to  be  opened  by  a 

r  e  li  hai  foi  resl 


,i 


,  .• «   «  n  jv  ri  g   lei  ance    ii      rwa\ 


ADA  Accessibility  Guidelines  for  loors 


§4    im^\i  «^rFji?Ajiif)ii 


winging 


Exterior  a  riding   orm 


y'^'" 


;  ypas?    liding  I  xterior  and  interior  us< 


Door  normally  turns  on  hinges  about  a  side  jamb  when  pushed 
or  pulled,  but  may  als(  be  pivoted  i!"nih;:ad;juii"0!'d  threshold, 
;quii  ;i    pace  irounddo*  n  ,;,  Pot  looi  swing 

:::l,:,::S:k.:i  iir.MV7|iii|(-d 

Mo  -  co  iveniei  t  operation  for  entry  and  pa   >ag« 

Most  effective  door  type  for  thermal  and  acoustic 
insulation  and  for  weather  resistance;  can  be  fire-rated 


Doors  slid  ono  erheadl  aid  and  a!  ng  guides  or 

rack  on  th  '  >oi 
Requires  no  operating  sp  cebi    h  diffii  ill  to  seal 
■a  lim  t   '  ithei  ind  sound 
Off  rsacci     •  nlythn  i  \\\bO%  ofdo<  rwaywid  h 
Ik-*  .if.  terii    i!  '  i  ding  jl  i  -  door 
Used  in  into  t  on  prii  i  a  ,  fo  *    u  ilsi  reening 


•Exterior  and  interior  use 


Pock-    Slii   ig  'Interior use 


Folding 


Similar  to   byp :   >slidin(   looi  bi  t|      des  :ccess 

through  full  width  of  doorway 

<!.       ,    !,.  i      ii    ibi  :    iiffi    I 

Pern  i:  suri  i    ^     expi      !      rhead  track 


Door  slides  on  an  overla  id  trad  into  ind  out  of  a 
rece  ssivi  !>  ith     i<   hoi  t  wall, 
Doorway  h  i    i  finished  a|  pi  i  'anci    h<  i  fully  open. 
Often  used  when    normal  d<  >r:  ving  would  in1  'rferewith 

tin  u:  e  ol  tspaci 


Hinged  door  pan<   'fold  flat   gain;     >n<    nother  when  opened, 
[aifi  I  Id  >on  In  l<  it  totwopari    re<  uin  littl    , .   iting 
space,  and  are  used  primarily  as  a  visual  screen  to  enclose 
lo  .-'i  ind  .1  >  \§    pact 

Accordioi -j".'1^    rerni  fcili   feddoi     thai  in  is  1  primarily 
to  subdivide  in1  riorspaces  rheyarehun<  from  an  overhead 
a  a  ;/  in  I  »(  *  by  1  ildingbackinthemam  roi   n      ordion 


Interior  use 


1     ;ti"  foi  evolvin  i  dot  rs 


Flush  *  Glass 

Door  Dessps 

Door  Finishes 

•  Primed  or  galvanized  for  painting 

•  Baked  enamel  paint 

•  Vinyl  clad 

•  Stainless  steel  or  aluminum 
skins  are  available  in  polished  or 
textured  finishes. 


Vision 


Narrow  light 


*  FuIHouvered 


Door  Construction 

•  Hollow  metal  doors  have  face  sheets  of  16  to 
22  gauge  steel  bonded  to  a  steel  channel  frame 
and  reinforced  with  channels,  a  (craft  honeycomt 
structure,  or  a  rigid  plastic-foam  core. 


A 


f- 


Door  thickness  J 
1%,1-%''(35s45) 


VaMfS) 


Nominal  height  =  frame  opening; 

(2030, 2155, 2155,2590, 2440) 

Net  height 

3/4ir  (19)  +/- ;  varies  with  finish  flooring 


Va"  (5)  on  both  sides 
Net  width 

Nominal  width  =  frame  opening; 
2'-0"  to  4'-0"  (610  to  1220)  nominal 
in  2"  (51)  increments 


Vision/louvered 


Roikind-Stile  Construction 
-*  Tubular  stiles  and  rails 
-*  Infill  may  be  flush  or 

recessed  panel,  glass, 

or  louvers 


Roil  Panel  Construction 
j  Hinge  and  lock  stiles 

connected  to  wide 

center  panel 
;  Exposed  vertical 

interlocking  welded 

seams 
■»  Inverted  channel  at 

top  and  bottom 


Flush  Construction 

e  No  visible  seams  on  face 

•  Pan  or  enclosed  grid 

construction 
••••  Flush  or  recessed  at 

top  and  bottom 


Fire  Doors 


UL  Label    Rating         Glozlng  Permitted:  ]/C  (6)  wired  glass 


A 

5  hour 

d 

1-72  hour 

c 

3/4  hour 

D 

1-1/2  hour 

E 

3/s  hour 

No  glass  permitted 

100  sec.  in.  (0.06  m2)  per  leaf 

1296  sq,  in,  (0.64  m2)  per  leaf;  54"  (1570)  max,  dimension 

No  glass  permitted 

720  s<\.  in.  (0.46  m2)  per  tight;  54"  (1570)  max.  dimension 


Fire  door  assemblies,  consisting  of  a  fire-resistive  doort 

doorframe,  and  hardware,  are  required  to  protect  openings 

in  fire-rated  walls.  See  2.07. 

Maximum  door  size;  4'  x  10'  (1220  x  3050) 

Doorframe  and  hardware  must  have  a  fire-resistance  rating 

similar  to  that  of  the  door. 

Door  must  be  self  latching  and  be  equipped  with  closers. 

Louvers  with  fusible  links  are  permitted  for  r)  and  C  label 

doors:  maximum  area  =  576  sq,  in.  (0.37  m2) 

No  glass  and  louver  combinations  are  permitted. 


CSl  MosferFormar  08  13 13  Hollow  Metal  Doors 


r 


Backbonds  /2M  (15), 


Stop:  "/a"  (16) 


Backbonds;  V2"  (15) 
Face:  2"  (51) 
Stop:  %"  (16) 


Throat  opening  ■ 


1J/i6"(40)for1-0M"(35)doors 

Soffit  '•'.'« ic* 
!  abbot; 

1Jb/io,l(49)forS5/4li(45)doore 
Frame  depths:  4J,k",  bJ)!4\  %J)h 
5%!  (120, 145470, 220) 


Rabbet: 

f%4  (49)  for  1%' (45)  doors; 

1  "s/i6"  (40)  for  1-3/dB  (55)  doors 

Soffit  Varms_ 

Frame  depths:  5",  S^/a"  (75, 95) 


Standard  e  tuej;  >  1 1, 16,15 
>1  ind   d  fin  h;  fact*     •  •     d  foi  i  in  ng 
Frsmh  prr   I.      i      ithi      ii'  k  hirer 
Frames  an  mortis*     ind    inforcedto 
receivi  hing  :     triki    nd  closet 


Standard  Double-iabbet  Frame 


ii  gli  labbel  Froi  le 


^  Optional  finish  wail 

,^  Vis"  (2)  nominal 

-'  Wall  width 

-'  rhro  i  'p  ling 

Wrap-Around  Installation 

^    1       i)  nominal  to  wall  surfai 

^       iiarrl 


■  f    '  ii    nsiononl  inge  side  if 
desireddoot    wingi:  gn  .!.  1  than 90° 
.  s*' " ';  n  inimu  n  in  it  $  of  dooi 

pull  or  knob 


n  k     \o\  nfram   ■    ■ 
shipped  m    p  ir,  t<  so(  tions 
for  assembly  on  the  job  site. 
Corner  reinforcement 

■I.    r,  Ii  ibs 


Similar  u  ik      bul  joints 
an  an  -wi  Ided 

One-piem   »eld<  M  im<  assembly 
m  m  be  set  in  pi      ,   fore  wall 

or  partition  is  constructed. 


4  mitei     rjoints  ,   w  *fl 
th<  /  i"  ill  'eidi  •  • '-'  iron  id 

smooth. 


iutt  Frame  Installation 


Corner  Construction 


s 


e  Wood  stud 

•  Loose!                     •  U  [.-approved 

•  spams  .'>"  ckel 

*  Steel  channe 

anchor 

masonry  anchor              m,  ionn  1 1.  hoi 

anchor  for 
isting     II 

stud  an*  hoi 

Doorframe  Anchors 

*    Minimum  1    1  hn  >    n  hi  i  r<  min  ]  pei  at  ib 

Ad  1  us 


oorcisp 
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/ 


4~3/4" 

(120) 


JL .lass 


Nominal  4"  (100) 
masonry  wall 


Edge  bead  for  wa I 
finish  required 


Edge  bead  for  wall 

finish  required 


5"3/4" 

(145) 


•  Wrap-around 
\        condition 
)>•  Masonry  anchors 


Flush  condition 
Wood  stud  anchors 

Wait  finish  t 

continues  into      ; 
throat  opening      L 


Flush  condition 


Steel  stud  anchors 


/  •  Butt  condition 
^  Sealant 


Wrap-around 
condition 


Wrap-around 
condition 


-gSSS 


6%' 

(170) 


ft-3/4" 

(220) 


Wrap-around  or 
butt  condition 


Sealant 
Condition  at 
masonry  veneer 


Frames  may  be 
fully  grouted  with 
mortar  or  plaster 
for  structural 
rigidity  and 
increased  fire 
resistance. 
Base  of  jamb  may 
be  attached  with 
adjustable  floor 
clip  or  secured 
with  concrete  floor 
topping. 


JU.JL- 


frame  Sizes 


Masonry  folk 


food  Stud  Walk 


Steel  Stud  falls 


Standard  hollow  metal  frame  components  may 
be  utilized  to  create  architectural  entrances 
incorporating  a  combination  of  transoms, 
sidelights,  and  borrowed  lights, 

•  Maximum  aim  size:  41  x  &  (1220  x  2440) 

•  Minimum  jamb  depth;  '5-5l4l  (95) 

e  Maximum  glass  size:  1296  sq,  in.  (0.34m2) 
with  a  maximum  dimension  of  4-6"  (1570) 

•  Maximum  fire-resistance  rating;  °Ia  hour 
'  Consult  manufacturer  for  details. 

Hollow  Metal  Stick  Systems 


•  Flush  floor 

Door  Designs 


Flu:  hi\i»  i  •  'gl '  s inserts 


i   / 


Rail 

Stile 

h  II  H  i  "i      m 

•  Mesh  grid 

•  Ladder  strips 

•  Honeycomb  or 
.piral  bl    I 

Lock  rail 
Lock  block 
t  a  ling 
Crossbanding 
Face  panel 

1L6"  to  3'-0"  (455  to  915) 

nominal  widths  in 
2"  (51)  increments 


Roil 
till 
Solid  core  types; 

•  Staved  lumber 

•  Mineral  composition 

•  Pa i     i  !     ,  . 


Crossbanding 
Face  pane! 


V-6"  to  3'-6"  (455  to  1065) 

nominal  widths  in  2"  (50) 
increments 


li  )i  w/ :  *«'  red  in     I 


Hollow  Core  Doors 
Hollow coi    loo    ha     ifi  imeworkof 
stib  ■  ill.-   li  •  n'  )  in    n    ;   ..    . 
honoycornl        •     orn    net!',  rboard 
or  !  jridi  ■  ini    I  .  i  gho  •  ml  ,  n  I 

rtica I  wood  strip:     hey  are  I  htw<  i  hi 
bul  h,  v<  i;  •     nhei    i1  Lis  rrnat  or 
acoustif  insulati       lue.  Whili  inti  i  led 
pri     ri        in     lorus    th     n    b 
used  for  exterior  doors  if  bonded  with 
waterproof  ad hesives. 


Solid  Core  Doors 

Solid  con  d(h    ■  i :".   *  oreoi  I  ondi  ■ 

lufflh  i  i'lf  i      particl    wd,o\  .-mineral 

mpi     ..  i  ,!  I         the  bonded  lun 
core  is  the  most  economical  and  widely 
used.  Th,  mil  raleompositii  ncore 

w, .     t- bul      Ho    m  n       »li  ii  i 
strength  in  I      oul  >  ii   diffk  uii.  Solid 
core  doors  ire  used  |  im  i  ,l  a  .  i  rioi 
dooi    I  ■•    h  '  •« ',   I   i  be  used  ia  u    "  • 
inch  i  >ed  fi         stan     ■ « un  Hi  «u   I    n 
ordimensi  *  il  I  ibil  ty is dc  >ired. 


0    ni  lg    h<  i  Idb  lessth  in 
\()%  if  dooi  i  ;  i  ind  lock  >e 
than  5"  (125)  to  any  edge. 
Height  of  openings  in  hollow 

m    oo  >  '  mid  I    lesstl  m 
h  iH  tl   do  ii  heigh! 


1%t1-/4,l(55,45);2J/4i,(57) 
for  sound  ii   hl  iting  doors 


Grades  and  Finishes 

•  Therr  si     hires  k\rdwod 

'  ni     '  idei  p   mil  i.  .  ml, 
and  sound, 

•  1 ,.  miumgrad*  veneers 
n  .•  uii  bl(  f<  rn  ttural, 
i  in  <- 1    i1  finishes. 

•  Good  gi  !       neers  are  foi 
era    ;•  i    ntorpai  •■  fini  hi 

•  Sound  gi    '      leers  are 
forpairri  finish*  -only; they 
:•      eta     oal    to  cover 
surface  defects. 

•  Hard  board  face  panels  are 
suitable  for  paint  finishes, 

•  High-|  lasti 
laminat  «m     !i  bonded  to 
the  face  panels, 

•  Flush  dooi    s  iv  ilsobe 

nishe.       Lialh 
itha     il<        ;  compl  I  ' ' 
i    !   |jn    i|    ittingand 
premachining  for  hinges  and 
I 

Special  Doors 

•  Fires  ltd  loi  rsh  we  mineral 
composition  cores, 

•  Mabel  o      nave  a  1  hour  or 
■  .'  h  •!  i  Ul    p|     r  n  Fme 

•  Cdabe!  doors  have  a  Wahour 
UL-approved  rating. 

■  Sound    i!  ul  iting  doors 
have  fact     epai  rtedbya 
void  or  damping  compound, 
Special  stops,  gaskets,  and 
thresholds  are  also  required. 
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*  Panel 

Door  Designs 


Pane! 


Panel 


Various;';    !  •   ig     re  available 


Panel  with  sash 


lowered 


French  door 


French  door 
'divided  I     i 


Wood  rail  irii    >ti   do  r:  consist 

of.   hvih,         ,     '         i'i! 

horizonl  ih  i  4h  t  hoi      lid  wood  or 
plywood  p  inel    glai    :  ,'!.    or  louvers 
in  place,  fhi     il      n  i  ,;'  n  ly  be  solid 
•■<■;..■         ■,,    red  hardwood 


[3atten  doors  consist  of  vertical  board 
sheathing  i      latnghtangl    U  cross 
ri|     i     fi        -    "■   I 

i  ■  ;  •   !•  n " 


ini     i    '.     .0 
ordovi     ledwi 
mortises  and  tenons. 


Door  heights:  - 

frb\?-On.&-Ott 

(2030,2155,2440) 


,§,,-"- 


5/4"(55„45) 


Top  rail 
Still 

The  stile  fn  i  whi<  i  hi  dooi  is  hung  is 
. :;  ■  l;hi  ling    itil    s      hi  i   tit   h  i1 

-    ,     !  •    .    •     ilii  I  the  foci     il 

1     >   •        i         <        ids;  select  or 

remium  tjrade  for  clear  <  finishes 

.    ndardi  rad  forp  in    ini  .hes  only 

Other  pan  lopti     ;  include  glass  lights 

or  louvers, 

Lock  rail  m  ■■  >  :         i       tile  at  the  level 

ofthefockset 

bottom  rail 


Door  widths: 

144  1'-47-6",  24)",  2-4".  2'-6",  2'-0",  3'-0" 

(305  N   -    '   i,  610, 710, 760, 315, 915) 


Used  primarily  for  economy  in 
rough  construction 
Usually  site-fabricated 
Tonguewind -groove  sheathing  is 
recommended  for  weathertlghtness, 
Subject  to  expansion  and  contraction 
with  chain .     ,  ,: 


Sheathing 
i  Si  eing 

Ledgers 


CSJ  MasterFormat  08  14  33  Stile  ond  Rail  Wood  Doors 


;?;r'-M-  hi(inin:Uh!M^ 


Exterior  wall 
.heathing  nd 

finish  • 

Flashing  --.,. 
Drip  cap  --^ 

Head  casing  - 
Rabbeted  door 
frame  from  aVe' 
(32)  stock   ~- 


1 

1 

i  I 

ISP 
H 

1      »| 

1  v  1 
!!  A  I 

J  : 

1 

■■   '  "  "• 

interior  wall  finish 


-*  Interior  easing; 

form  varies, 
1  !/2"(13)stop 


leaf 


w 


see* 


Masonry  veneer 
lintel;  see  5,21, 723. 

Sealant 
Head  casing 

1M"  f  6)  +/- 


-.    ,  ■ 


Interior  wall  finish 

Header; 

see  5.45, 

V2"  (13)  a-/-  shim 

space 

Interior  casing; 

form  varies. 


Head 


Head 


Shim  r- 
fill  w/  thermal 
insulation. 
Casing  continue 
down  from  head 

casing.   - -" 

Space  for  scree 
or  storm  door  if 
desired    — - 


m 


-  Therm  il  insulation 
-•  Weatherstrip 

exterior  doors; 
see&21. 

-  1J5/i6"(49)for 
1-:V  (45)  doors 

Side  Jamb 


Kv 

1 

1 

Xv\J 

it     1 

| 

j  si 

„- .  -    «  f 

'  [ 

jsp^st 

/I 

^ea^eS^r1* 

J"* 

1       X 

J/     4 

"""*  Masonry  opening 
/  Rough  opening 
/  Finished  opening 


Side  ion ib 


/■ 

i   -i 

f3ackofdoorfrai  1/ 
may  be  kerfed  to 
minimize  warping. 

1-9/i6n  (40)  for 

W  (35)  doors 


Side  Jamb 


Threshold  may  be 
in       il  with  or 
applied  to  sill   -. 

Hardwood  sill 
sloped  to  drain  - 

Flashing   __._ 


Metal  oi     »i  ] 

threshold  covers 
joint  between  sill 


~*  Sealant 
--  ferick  or  concrete 
subsill 


i 

1 

1 

Sill 

Si!     .!      ! 

Threshold;  see 

6,21. 

•    (13)  maxim    - 

height  for  ADA 


Exterior  Door  •  Stud 


Exterior  Door  •  Masonry  Veneer  Wall 


inferior  Door  •  Stud  Weil! 


f 


Rabbeted  di   •    im<  interior 
frame:  mayhav   ipplied  stops, 
Cased  opening  -maybf  used 
without  doors  and  therefore 
hav   'i  ml  ,  mb  wil   nostop 


Genera!  Holes 

•  Most  door  manufacturers  off-  I  ors  thai  ireprehungin 
adoorframe;  ^omedoors  ire  ilso  r  lilabk  prefinishedand 
pn  fitl  d  with    Inecess  ryh !  riwai     n  I;  1  ,\>  g  trin 

^  1/2!'(13;  ihim !  .en  alii  w  dot  rfr  inn  l  >\"  plumbed. 
-*  Casing  trim  finishes  the  joinl  betwe*  nadoorfi  imeandits 
oughop  nin    <    eri<  "joinl    nayrequin  ,  iling 

•  Head  md  id  \a\  d>  onditiom   reu  mally  imila  so  thai 
the  profile  of  the  casing  trim  may  continue  around  the 
doorway. 


1       4— « 

b 

o 

p 

to 

O         ! 
tT)          j 
O 
to.       : 

1                    1 

1                    i 

i                    1 

j  J I       * — ~f       j  1  j       <r~"      | 


'•'"-"•  ■-  ?"  '-0!_j    Wood 

( r-on. t  tsi)  Tin  )Mj 

^     e^^OMO^O"    j    Aluminum 
(l.'*'.V ;-..-:>.  :-''«(/) 


'/at/ 


700) 
(2745,5660  i-'t/n.t !/'/«] 


12'-2"J6,-2">2Q,--2" 

"(57107493076145) 

(5660  1-075,6095) 


Dimension     .  lominal  tod    i        insult  manufa<  un   foi      ci    ze;    eonaii    I  rough  or  ma:  i1  /      'v,    \hz\r\q  ptiom       linsi  I  tion  details 

.    .  jui  le.addf    5)  to  nominal  vidthi  i    ouqh  ramedo\     mq    im    >  (7    fi  i  n     no    j  nil  , 


Typical  Sizes 


'  ,   "•!,'  |l  5     io  >l       -       '    i.  I  . 

with  woo  il  ii  lin  irn  ,  -  teelfrarm 
Wood  frames  may  be  treated  with 
preserve! r  'rim  !  fi  i  painting, 
or  ;Iadin  l  imi  ■  in  <  Iny  Metal 
frames  are  available  in  a  variety  of 
finishes  >-  litis  n,  I  reaksand 
in1  ■•   I  >     woofm  anting  fins. 


•  OlidiiwO  ts )  doors  are 

man  ifactured          i  lard  units 
complete  wi  hot  i  iting hardware 
and  wu  til'    -    |  m      ><  i  sen  and 
operating  doo  \   nel  .may  be  on 
theini    ioi    rex  ;rior.  „ „,__ 

I  I  A<  essibili  •  Gi  fdelln  • 

•  Fhre  il  M   •       >  ,      esidential 

liding do    .should     no  higher 
than  for  5/4"  (19). 


Stud  wall  framing- 

Flashing  *~ "  ~"~ 

'    i     fdooi  _ 


Head 

*  Weatherstrippino;  . 
Wee  nc     I 

•  Flashing  —  -^ 

4  Narrow 
n    '■  ,  in<  mullion 
is  also  ivail  i  - 

■  pj    i  Mullio . 


Finish  floor 
Subflc  • 


Siil 

food  Sliding  Door 

as 


IJliLJiiL 

|W  ^ 

1        to* 

'              "cm 

1 

[~!        „2e< 

i|iiiSi|| 

|fii^i^js 

!  ii  | 

~*  ivi  is  im      i-    *     il 

idlijlli 

zz*. 

Heoc 

! 

1 

0!| 

ifl 

1 

Meefii      Hie 

!  til % i  :« •  •      emii         ■;- 
door  glazing  to  be  of 
tempered  safety  f  ji  :•-' :       -r 
for  energy  <        si  On, 
,i    .  -     |laz<     1th 
insul    irii  §1 

i 

]l  Slid 

ng 

Doo 

r 

n crete 

slab 

v  door  manufacturer. 


CSI  MasterFormot  08  32  00  Sliding  Glass  Doors 


j.12     POPJ.MWG  &  ffsOCEif  HliS^ll^  "P^Vr;; 


s 

in 

Ft- 

:i"  : 

1 

_, 

/    I 
/ 1 

| 

i! 

~™~~1 

i 

li 

§2E| 

i 

_J 

Two-panel  units 
1'-6",  2'-0",  2'-6",  3'-0" 

(455,610,760,915) 


Folding  Doors 

'  Varies  w/ type  of 

casing  trim . 


CO 

■ 

o 

•s_| 

"o 

I 

__^_ J 

5,"0",4i~cn6L0",S,^J 
19T5J220,  ia50, 244^0)1 
TSn  (2255)  ! 


(244075050,3060) 


Four-panel  units 
Six-panel  units 
Eight-panel  unite 


--  Finish  wall 

^  I nterior  ca si no,;  form  va ries. 
.^  fascia  conceals  overhead  track, 

Head 

— '  Wood,  metal,  or  polystyrene  doors  may 
have  flush,  paneled,  or  lowered  designs. 
•  l-VeM^'l-3/^1  (29, 35,45)  thick 


-•  Top  and  bottom  pivot;  no  jamb  hardware 
jamb 


General  conditions  for 
wood  frame  construction 
are  illustrated.  Details 
for  hollow  metal  doors 
and  frames  are  similar, 
Consult  door  hardware 
manufacturer  for 
installation  details. 


bottom  pivot 

Finish  floor 
Subflooring 


Floor 


Concealed  door 
bumper  or  stop 


"-  Opening  width  =  door  width 


Pocket  Sliding  Door 


1  \ 

s ; 

1:1/ 

j5J 

: !'. 

oil 

1  Jl   ! 

Header  of  wall  framing 

Overhead  support  track 
Interior  casing;  form  varies. 


•-*  Interior  flush  or  panel  door 
•  1-/s",  1-3A«"  (35, 45)  thick 

—  5/ie"  (5)  clearance 
/  Retractable  doorpull  in 
dooredqe 

Jamb 

^  Cased  opening 


-•  Floor  guides 

-  Allow  space  for  finish  flooring. 

Floor 


CSI  MosferFormat  08 13  76  Bifolding  Metal  Doors;  08 14  76  Bifolding  Wood  Doors;  08  15  76  Bifolding  Plastic  Doors 


W  sod  or/  lui  lii  ui  i  Panel  Poors      •  Wood  i      el  Flush  Dot 

)verhi    ido  •  .  !     vailal    uj     ■  !0'|  >hs  >)hi  |h  nd5<  '(91 'id 


3teel  -    ibera<la    Ribb<    C 


Overhead  Doors 

Ovi    iead  loi    >ai   con  trui  to  I  of  one  or 
overall  iv  f.'<"  ■  \.*    I  A  tlui  linurn.or 
! '    •.   >■    f  'm      '    vingingorn  Hif  j  p 
n    position  ibi  eth  do    Dpe  in    fh 
door  may  b    p<  i  i1     m<  i  u  liy  or  by  a  chain 
hoist  or  electric  motor. 


Both  overhi  id  and  oili  ii   '  wsare 
n  liable  m  h  'i  i  >n  -  neh  pa:      hrouajh 
sections,  thermal  insulation,  and  other 
iption    G  nsu    i  •  d<  o    i  mil    turer 
for  avail;!!-!.:   -izes.de  Jomc  and 
in  ,1  Hal  onreqi  in  m  h 


Coiling  Doors 

oiliHi  <     W'mcj    oi     on:    i       •     n 

.  ,  !     in  nil    :  !.  •    ,        :      trad 
on  either  sid    mdopei    /    nlinq  bou 
ddn     rl   h  h    '"'  thi  -  <  > 

pening  fh    I k   m  /I     peral 

bain  hoist  or  eled      notoi 


Lintel  as 

required 


Poor  height 


I 

h 


Lin1  I  • 

require 


Poor  height 


2"  or  5"  (51  or  75) 
tracks,  depe  idi  ,  . « 
door  size 


-     lorAIui  if ni  m  51  I    d  >ecti<  ns 

<  oiling  loors,      railabL  up  U   '  I 
(7315)  high  and  32' (3755)  wide. 

Alternate  t  ickpi ;  itit  is  ire  shown  for 

vertical  ill  h  jhlh     ndi  clined  i   ick: 

atrui  m   Hell  ;   I  pi  igc<  Ii  i ;. 


x  •  Motor  operator  y 
N  Normal  headroom:  16"  (405) 

•  Low  headroom:  7"  (160)  minimun 

•  Chain  hoist  or  motor  operation 
mayrequii     .!  litional  head, 
side,  and  back  room, 

.^  4"  or  6"  (100  *    I  >0)  id  to  n 

•  5"  to  10"  (205  to  255)  required 


ror  column 


mpporte 


^-""•'--L-.-.---™-—^^^       {       l|3 

! 

u.^——,.—^^ 

Motor  opee  oi  -  iay 

J     X  14"  to  22"  (355  to  580)           41 

be  mounted  to  one       \\\ 

i           headroom 

side  on  th ;  wall  or  on       e 

•  0"  to  ft"  (150  to     5)  sides  mm     t  1 

the  front  of  the  hood.      1 

P-  3,!to12,!(205to505)sideroom  j  J 

T  or  3"  (51  to  75)          \ 

;         i 

track  v,c3m  iesm  /be      I 

J 

i  "  t  d  sn     H  ice       | 

ofthewaii  or  between      \ 

the  jambs,                  j 

CS1  Mosfefforrnof  08  33  00  Coiling  Doors  and  Grilles 


.14     GIASS  KMTKANO:  JiOORS 


9  ...5 


/&"  (67)  standard  piyot 


•  Continuous  top  and 
bottom  rails  w/  locks 

Frometess  Doors 


*  Continuous  bottom 
rail  w/  lock 


Corner  pivots 
w/bo1  om  loci 


Fromeless  Door  Section 


Transom  bar  or  head  jamb; 
i  n  -till  n  muf;  i  timer  for 
reinforcement  required  in 
transom  bar  and  doorframe. 

'/a"  (3)  clearance 
Weatherstripping  — -- 

■ib  ty  |l  i  in  jn  ]U  r<  I 
V2"or3/4"(13or19) 
temp   ,,.  ,      inclea 

gray.or  bro 


Single  ammo  Ft  tmeddoor 


Doubb   /:  Ui;<; 

fr  a.  I,  *  >doo\ 


Threshold;  ]lf  (15)  maximum 
height  to  satisfy  ADA 
accessibility  guidelines 
5 /16"  (5)  cl<   r  nee; 
framelessd  01     re  difficult 
toweathi  r:  trip*  ffei  tively 


Checking  hinge  in  floor 


1 


1  trrow  mile 


Framed  Doors 


fi 


Framed  Door  Section 


1 

1                          1 

1               1 

1 

1                      1 
j                          j 

J    ^^ 

Z'-6".  S'-O".  3'-6"  (760. 915, 

065) 

1  -'  ■  -• 

t?7  ^ 

DO          \ 

I 

Si                1 

I              j 

i                       ! 
I 

I 
I 

J 

111 

I 

Medium  Stile  *  Wide  Stile 


Gloss  Doors 

G\a  '  dooi  -  meet  n  itructedof  heat    In  lgthened 

ortempei  dgla  >s  vitl  01  m  h  >ut  .  il     '  utiles,  and 

u »(  iprin  milya  enti  mc<  doors 

e  Consul!  it  1  uildii  jcodt  fori    |  ii  merits  when 

used  as  m  emergency  e  |!  door, 
•  Consul  n  i  lufacti  rei  foi     ei  glazing optt  ns,and 

frame  requirements. 


0' 


Dooi  mat\  be  offset  in  1  im      "  ing  in  one 

direction  only  or  be  center-hung  for  double-acting 
operation. 


Pivoted  doors  are  carried  on  and  swing  about  on  a 
center  or  >fi  et  pivot   r  distinguished  from  one 
hung  on  hinges. 

1  al  ei.  eddooi   ar  pivoted  door  tn  0"  an  partially 
counterbalanc  d  F01  easier  openi  "1  in  I  lo  ing 
Automatic  doors  open  automatically  at  the 
approach  ofa  person  or  automobile    hei  ictuated 
bya  radio  transmitter,  electrit  eye  «   other  device. 


CSI  MasterFormat  08  41  00  Entrances  and  Storefronts 


Storefronts  are  coordinated  systems  of  extruded  metal 
frames,  glass  panels,  (glass  entrance  doors,  and  hardware 
fittings.  The  size  and  spacing  of  the  mullions  are  determined  by 
the  glass  strength  and  thickness  and  the  wind  load  on  the  wall 
plane.  The  deflection  normal  to  the  wall  plane  should  he  limited 
to  V200  of  each  component's  clear  span;  the  deflection  of  glass 
supports  should  be  limited  to  !/3oo  of  the  support  distance. 


(51)  typical  face  width 
(100)  typical  depth 


Sealant 

Head  and  jamb  conditions  are  similar 
See  5,26-5,29  for  glazing  systems, 


Glazing  may  be  framed  off-center '''  y 

or  be  centered  within  the  depth  of  the  frames" ""' 

Consult  manufacturer  for  frame  profiles,  sizes,  finishes, 

glazing  options,  and  installation  details. 

Consult  the  building  code  for  safety  glazing  requirements 


fliermai  break  for  thermal  glazing  systems 
aVeep  holes  are  required  in  horizontal 
Taming  members. 


Afhglass  wail  systems  utilize  glass  mullions  and  structural 
silicone  sealant  to  support  the  glazing.  The  thickness  of  the 
glass  mullions  is  related  to  the  width  and  height  of  the  glas 
panels  and  the  wind  load  on  the  wall  plane,  Consult  glass 
manufacturer  for  sizing  and  installation  requirements, 


Consult  glass 
manufacturer  and  the 
building  code  for  required 
glass  thickness. 


=t 


¥(15)  tempered  glass 

)epth  of  glass  mnllion  varies  w/  width 


"%  Vertical  joint; 

5/s!l  (10)  typical 
~*  Structural  silicone  sealant 


/lesai  pa  sen 


Vs"  (19)  minimum  tempered  glass  thicknej 
jrind  and  polish  edges. 


—  Conventional  framing 
§  head  and  sill 


structural  silicone  sealant  is  capable  of 
jdhering  glass  to  a  supporting  frame. 


Sutt-joint  glazing  is  a  glazing  system  in  which  the  glass 
panes  or  units  are  supported  at  the  head  and  sill  in  a 
conventional  manner,  with  their  vertical  edges  being  joined 
with  a  structural  silicone  sealant  without  mullions, 


Glass  muliion  system  is  a  glazing  system  in  which  sheets 
of  tempered  glass  are  suspended  from  special  clamps, 
stabilized  by  perpendicular  stiffeners  of  tempered  glass, 
and  joined  by  a  structural  silicone  sealant  and  by  metal 
patch  plates  at  corners  and  edges, 


II      S^V-'-'-YM''''    ?ni«?E 


2"  to  4"  (51  to  100) 


6'-10"and7-0" 

(2005  and  2155) 
heighl  i typical  - 


Top  arid  bottom  pivofc 


Doordiameti  i 
+  3-5/4"  (95) 


Deck  includes  provision  for 
ceiling  lights;  may  be  glazed 
with  tempered  glass, 


Door  to  >o1  temp  redgl  ■  i 
'ith  il  i  inum  s1  iinli  ■ 
steel,  or  bronze  frames 

Enclosure  may  be  of  metal 
orofti  m|  r  d,  wireeor 
laminated  glass, 
H  iti  ig  1 1,1    i   oi  ling  source 
may  be  integral  with  or 
adjacent  to  enclosure. 

Lin.  o\  >offii    !  i  b<  i  urved 

or  straight 

Weather  eal    provided  b 
rubber  and  felt  sweeps  along 
i  s      il     in  I  top  ndbi   •    i 
rail    •   l<  Heave: 


•oor  Diameter     Opening 


643"  (1950) 

41-5"(1345) 

6'-0u(2O3O) 

4-6"  (1370) 

04042005) 

4Ld"  (1420) 

/-O"  (2135) 

4!-9!i  (1450) 

7-2"  (2135) 

4'-H"(15O0) 

7-4"  (2235) 

5'-0"(1525) 

Revolving  door  consi  rtol  three  or  four  leaves 
thai  ml  li    iboul  acenti  il  a  rti<  il  pivot  within 
i<  >  in  Irk  illy;  h  ip  dv  sti!  ule  Used  typically 

>  nti  ii  <  d  oi   in  I  ii  j  c<  m  i.  n    \  tnd 
institution  il  building  ,  revolvii  )  doors  provide 

continuou  sweathet  .  d  elimin  "  do  fts  in* 
hold  heal  in,   md  cooling  Is    >es  I  oa  minimum 
while  act  sum  4  •'      ti  illu  up  to  2000 
persons  per  hour, 

•  6L0"(190(  i  Ii  inn  terl  rg<  n<  rail  use; 
745"  (2155)  liam       ,  i  .,ri   U  r  for  high 
traffic  areas 

•  An  optional  .p-a,  ot  trolau.1  >n  iti  "\ 
alignsdoors  t quarter  poinl  » when  not  in  use 
and  tin  n    , ,  ,    /    farevi  luti  nal  walking 
speed  wh<  n activated  b;    I  ml  pressure, 

«•    )  /  t/jn  j  loon  hav(  leavi    thai 
lutomati    >>  I  )!d    ckintl    direction! 
";      whenpres  un  f  -  ;>  plied  providing  i 
Ii  |alp  »sag  v   n  nbi  Ii  ides  of  the 
door  pivot 

•  i   ie  building  cod        r       111  :   ->    i  sg 

iti     tisfying      '    f  the  legal    i 
requiremenl  <   ah.  • .  -  4  a,-  not  credit 

oivirsgdooi     n  •  .   - ;  <     Ijaoent  hinge* 
doors  for  u iei         exits. 


Enclosun  flai     11     i  h\<<\doon 


,4 


1  n<  I   >!!'-       vithii  i .  ill  pi  m 


Encli  sun  progt   tingfn  m  «i  lei  j  hi 


'  Bank  of  eni  b  un    with  si  I.  lights  between 

levolving  Door  Layouts 


»idi  5  'ii   centered  on  en<  losure 


•  1  m  lo*  urese!  'a.  k  within  a  wa  Irece: 


CSl  Mosterfonnat  08  42  33  Revolving  Door  Entrances 


Finish  door  hardware  for  doors  include  the  following  items; 


•  Locksets  incorporating  locks,  latches,  and  bolts, 
a  cylinder  and  stop  works,  and  operating  trim 

•  Hinges 

•  Closers 

•  Panic  hardware 

•  Push  and  pull  bars  and  plates 
3  Kick  plates 

•  Doorstops,  holders, and  bumpers 

•  Thresholds 

•  Weatherstrip  ping 

•  Door  tracks  and  guides 

Hardware  selection  factors: 

•  Function  and  ease  of  operation 

•  Recessed  or  surface-mounted  installation 

•  Material,  finish,  texture,  and  color 

"  Durability  in  terms  of  anticipated  frequency  of  use  and 
possible  exposure  to  weather  or  corrosive  conditions 


Hardware 

Finishes 

BHMA  Codi 

?     US  No. 

;  !:;!■•'  = 

600 

U5P 

Steel  primed  for  painting 

605 

U52G 

Zinc  plated  steel 

605 

US3 

Bright  brass,  clear  coated 

606 

US4 

Satin  brass,  clear  coated 

611 

U53 

bright  bronze,  clear  coated 

012 

U510 

Satin  bronze,  clear  coated 

615 

US10B 

Oxidized  satin  bronze,  oil  rubbed 

em 

U614 

Bright  nickel  plated,  clear  coated  brass 

619 

USB 

Satin  nickel  plated,  clear  coated  brass 

622 

U519 

Flat  black  coated  brass  or  bronze 

023 

US20 

Light  oxidized  bright  bronze 

624 

U620A 

Dark  oxidized  statuary  bronze 

625 

U626 

Bright  chromium  plated  brass  or  bronze 

626 

U526D 

Satin  chromium  plated  brass  or  bronze 

02a 

US2d 

Satin  aluminum,  clear  anodized 

629 

11632 

Bright  stainless  steel 

650 

U632D 

Satin  stainless  steel 

654 

_ 

Black  chrome,  bright  brass  or  bronze 

6m 

_ 

Black  chrome,  satin  brass  or  bronze 

4— 


f ~    "       ■ 

I  K-~;    ii"    "        | 

I  o  I  ^t  I  I       u 


m  Accessioiisry  ouiaeiines 
Door  handles,  pulls,  latches,  and  locks 
should  be  easy  to  grasp  with  one  hand 
without  tight  grasping,  pinching,  or 
twisting  of  the  wrist. 
Hardware  should  be  mounted  within  the 
reach  ranges  specified  in  A.05. 


Left  hand  (LH) 

Door  opens  inward;  hinges  on  left 


lingesonleft 


Centerline  of  strike  for  dead  locks 


Centerline  for  push 
and  pull  latches  and 
push  plates 


Centerline  of  door  pull  or  push  bar 
Centerline  of  strike  for  lockset 


These  locations  should  satisfy  the 
users'  needs  in  specific  locations. 

Hardware  Locations 


*  Right  hand  (RH) 

•  Door  opens  inward;  hinaes  on  riant 


*  Right  ham 

•  Door  open 


on  right 


Door  Hand  Conventions 

Door  hand  conventions  are  used  in  specifying  door 
hardware  such  as  beksets  and  closers,  The  terms 
right  and  left  assume  a  view  from  the  exterior  of  the 
building  or  room  to  which  the  doomm  leads, 
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II      B0§1  HINGES 


The  pin  in  the  knuckle  may  be  removable 
(loose)  io  that  i  door  can  be  unhung 
bysepai  i1  ngth  ti    lea    i  or  fixed 
(nonrisinej).  Self  locking  pins  which 

cannot  be  removed  when  the  door  is 
closed  m        >  ivaila!  Ii  for  security. 

5/ic"  (#)  for  doors  up  to  2jIa"  (57)  thick: 


V41'  (6)  for  doors  up  to  2-]Ia"  (57)  thick; 
3/e"  (10)  for  doors  over  2-74"  thick  — - "" 

Checkciearan  <  requir  dfoi  .urroundincj trim. 


Hingi  Size  11 

*  Hinge  widtl  !    leterminedbydoorthieki    -    mdclearai     1  *g  m  I 

•  Hinge h  ghl  1    i  t  rm  n  lb  tl     bo  ;e  Itharii     ickn* 


Butt  Hinges 

Butt  hinges  are  composed  o\  \>  >p!at<     1  !<  ives  joined 
by  a  pin  aim '.<(  uredtothe  ibuttingi  irfacesofwoodand 
hollow  met  ii  loos  »  11  1  loorjambs, 

•  Fulbmorti  h  hing*    ha!    bot)  If  n    .full    norti  edinto 
11!,;  ibutl  ricj  ui    "    o\  \doi    i  id  ioorja  nb  otha 
only  the  knuckle  is  visible  when  the  door  is  closed. 

•  fempiatt  hi  ig<  ?an  m<  rtis*  Hum  manufactured  to 
fit  the  rec  s  mdmal  hth<  irrangementofholesof 
hollow  metal  doors  and  frames;  non-template  hinges 
m  i  ■  *  Ifoi  wood  di  >i  - 

•  Half  mi  t   1  hinge:  h  iv<  on  leal  mt  ti   ed  into  the 

dty  ( i  1  lo<    md  thi  .  thet  surfa  .  mounted  tothe 
doorframe. 

•  Haif-surl  1  i  !m  |<    law  one  lead  nortisedintoa 

do;  fi  irm  mdth  otl  r   url  -    m<  unta    othn  '  ic< 
of  the  door, 

•  I  till  sui  i  hing  ■  h  iv  two  If  iv<  •  •  url  1  :<  mounted 
to  the  djacenl  facesol     l<  ^  md  doorframe, 


D01  i  ii'!"  ne 

Door  Width 

Hinge 

Clearance 

Hinge 

Height 

Required 

Width 

3/4IJtoT!(19to25) 

To  24"  (610) 

2-V2"(64) 

f7e!!(29) 

To  36"  (915) 

3"  (75) 

1%"(35) 

To  36"  (915) 

5J/2"(90) 

1     /*+    \y£.j 

3%:"  (90) 

Over  56"  (915) 

4"  (100) 

t5/4"(45] 

4"  (100) 

1-3/4"(45) 

To  36"  (915) 

4-7?"  (115) 

4J/2fi  915) 

36 

to40"(915to122O) 

5"  (125) 

T  (61) 

5"  (125) 

2-1/4"  (57) 

To  42"  (1065) 

5"  (125) 

t(25) 

5"  (125) 

Over  42"  (1065) 

6"  (150) 

2"  (51) 

6"  (150) 

Special-Purpose  Hinges 


.1    \  s 


•  Parliai  lent  hing    haveT-sh  ipedl    ves  inda 
protrudin  1    m  l    othatadooi      1  stand awa^ 
ft  -ii'  thi  ■    II  when  full  'op  ned 

j  Olivi  I  iui  I  1  hirif  •  I  we  1  >ingt  .pivoting  joinl  ind 

m  m    hapedknuckl 
-  Spring  iji  )i    contai       ledsj    ig  in ■  0  r  bat    1 

for  eh  -in.  1  H"!  11  !  >rn  itical  y 

•  Doubt  ictinghingi  permit  idooi  0  vi  ig  in  either 
dired  >n,  in  I  in  u  *ual!y  fitted  witl  j  ing  -to bring 
the  door  to  a  closed  position  after  opening, 

'"•  Piano  1 1.  j<    in  I  mg  nam  wl  ing     that  run  the  full 
length  ol  thetw    urfa     •     whi  htheii  leaves  are 
joined, 

•  Invisibf  hi  m,    <  m  isl  of  am   iberol  flat  plates 

r<  I  V  ig  il  ■•  I  n  entr  I  pin  wthsh<  ulder:   1  >rti    d 
into  thi  d  »oi  ed  1  and  loorfran    i<    :  t  »b<  concealed 
when  closed. 

•  Floor  hinges  are  used  w  h    mortise)    ol    t door  head 
to  enable  a  door  to  swing  in  eithei  lira  ion;  may  be 
provi  .tre  haclo  <  1  met  I  mi;  m 
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I'  cks<  1  .  ire  nam  hi  turedasi  mbliesof] 
making  u|    comph  e  locking  p    n  in  iu  li  *< 
knobs,  plat*  ■   rid    [o<  ingi  ■■< !,  ni  >m  D<  -cribed 
below  are  then  ijoi  fcyj   ?oi  Ic  \  >ets;rnorti  >e 
l<      ,uni    n  I  into  jralb      mdcylind    I    ' 
Consult  hardwa  emanufactu     forli 
functions,  installation  reojuirei     it:  trim  designs, 
limen  >ions,an  Ifinishe; . 


'   •  hinge 

3"(75)n  j  no ,  ,.  til  ,     . 
-   ',     ;    nil  u  i    \\i  i  >i  knobs 


; 


Mortise  Lock 

•  Mortise  locki  horn  d  '  !  n  i  ,  ortisecut 
into  a  door  edge  so  that  the  lock  mechanism 
is  covered  on  both  sides. 

•  i  o  l  be  met  lie '    .  ep1  foi    I  h  *  pi  iteal 
the  door  edge,  knobs  or  levers,  a  cylinder,  and 
opera  ting  trim, 

•  Backset;  2 -V2"  (64)  for  1%'  (55)  doors; 
2-3/4"  (70)  for  P/4"  (45)  doors 


"••  Rose  01  e  n  !■  ;chei  1   - 


Knob  diameter;  2"  to  2 -VV 
(51  to  57) 

Projection;  2-1/4"  to  2  J/2" 
(57  to  64) 


Rose  reft  >\  >  oundoi  e!|.  i  "l  •  nta 
plate  surround  th<  !  ••  -  i  doorknob  at 
the  face  of  a  door, 

'  »cu1  heonisapi  i    tiv<  01   n   «,  ntal 
pi      fch    n   yb    ut   titu    d  < 


Unit  and  Integral  Locks 

•  Unit  loci  k  hou  ed  wthinar  ctan  [ulai  notch 
cut  into  the  edge  of  a  door, 

•  nti  pi  I  d  I    i in     i  mortis  cut i  to  h 
ed§sofadoor. 

•  linn  and  ml  "  -I  oi  I    c  i  ibi    4     -  uri 
sJ^  <  i  .  1  i  of  imoi  i  •■  loi ;  vith  th 
economy  of  a  cylinder  lock, 

•  Backset:  2^/4"  (70)  for  unit  locks; 
2- 'A"  (57)  for  integral  locks 

,^f^\  /~  Projection;  1  -3/4"  to  ?Jlf 

,.  [f       I       /  (45  to  64) 

lj         j    /     f  Length;5J/2!lto4J/2r' 

li        i  /       '  (90  to  115) 


Liver  Handles 

•  Lev*  r    »eratedn     h    I  >n     >u  h  yp 
1 te  h  iisms    ndUa  ap<    randies 
gem    Il\  i    ierforpi  >p     i  h  ii  il  liti 

to  grasp. 


pa     e1  efei   to  the  Horizontal       n    rroi 
the  face  th   ughi  ht  I    -1  bi  11  passes  0  the 
enterlin    fth    1     /Under, 


Cylinder  Lock 

•  Cylin,     lock  is  hoi        '(thin  two  ho 

bored  ai  riojht ancji<    (      -  1  other,  one 

,  oug  the  loci     iieoi      •      n    h 
other  in  the  door  edge, 

•  Cyfind.  1     ks  are  relatively  in     en  .iveand 
easy  to  install. 

•  dacbs  t:2-3/&"(6(      1  •     ida  dlocksets; 
2%' (70)  for  heavy-duty  locksets 


^ 


-  10",  12",  144 16" 
(255,505,555,405) 

tail 


s*  :'"  7!  ]  'i  1 


SM 


Pull  Handles  and  Push  Plates 

ADA  Accessibility  Guidelines 

•  Pool  handl     ;   II    I  ;  ,         diocl        ! 
be  easy  to  gr        ith<      1     '   it!    1 
grasping,  pinching,  or  twisting  of  the  wrist. 

•  The  fori  ;rec|ui  *    :  1 ,  open  or 
pulling  open  a  door  should  be  no  greater 
than  5.0  lbs.  (22.2  N). 


5.20    ij^ilK  i!'!f  i>*pitiif/4Mr;  -  -^.Mf.fe-'Kr: 


Vertical  rod  operates  latches 
at  head  and  floor. 


Minimum  stile; 

•  2Jlf  (64)  for  single  doors 

*  2"  (51)  for  double  doors 

1^/4"  (45)  minimum  for 
concealing  vertical  rods  in 
stiles  of  hollow  metal  doors 


Panic  Hardware 

Panic  hardware  is  a  door-latching  assembly  that 

disengages  when  pressure  is  applied  on  a  horizontal 

bar  that  spans  the  interior  of  an  emergency  exit  door 

at  waist  height.  The  push  bar  should  extend  across  at 

least  one-half  the  width  of  the  door  leaf  on  which  it  is 

installed. 

•  building  codes  require  the  use  of  panic  hardware 
on  emergency  egress  doors  in  certain  building 
occupancies.  Consult  the  applicable  building  code 
for  details. 


Exposed  Vertical  Rod 


-  Minimum  door  thickness: 

•  I-V4"  (32)  for  rim 4ype  locks 

*  1  -°Ia"  (45)  for  mortise  locks 

*  Normal  projection:  4"  to  5" 
(100  to  125) 
Narrow  projection;  2-b/&"  (67) 

'  3'-6"  (1065)  normal  bar 
height:  2'-6"  (760)  minimum 
and  S'43"  (1120)  maximum 
above  finish  floor 


The  width,  direction  of  swing,  and  location  of  required 
exit  doors  are  also  regulated  by  the  building  code 
according  to  the  use  and  occupancy  load  of  a  building. 


ADA  Accessibility  Guideline 

•  The  force  required  for  pushing  open  or  pulling  open  a 
door  should  be  no  greater  than  5,0  lbs.  (22.2  N). 


Concealed  Lateral  Latching 


^■-  The  closer  mechanism  may  be; 

•  Surface-mounted  at  the 
door  head  or  the  top  jamb 

•  Concealed  within  the  head 
of  the  door  or  doorframe 

•  Mounted  on  the  push  side 
or  the  pull  side 

•  A  backcheck  device  can  slow 
the  speed  with  which  a  door 
may  be  opened. 

*  A  coordinator  ensures  that 
the  inactive  leaf  of  a  pair  of 
doors  is  permitted  to  close 
before  the  active  leaf. 

^/  Closers  for  glass  entrance 
doors  may  be  concealed  within 
the  floor  construction, 


Door  Closers 

Door  closers  are  hydraulic  or  pneumatic  devices  that 
automatically  close  doors  quickly  but  quietly.  They  help 
reduce  the  shock  a  large,  heavy.,  or  heavily  used  door 
would  otherwise  transmit  upon  closing  to  its  frame, 
hardware,  and  surrounding  wall. 

•  Building  codes  require  the  use  of  self- latching, 
self-closing  doors  with  UL-rated  hardware  to  protect 
openings  in  fire  walls  and  occupancy  separations; 
see  2.07, 
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Weatherstripping 

rippin       i     tsofrn     I,fel    inyl 

orfoamrui  b<      rip       <       etw  en  ,door 
oi  wind    '  , '  han  Ml  ifi   n<      •  rovii  ■'■<•<, 

•  ,:  v  I  ■  m  !'"•"  •     :i    «  li  du    th  infiltration 
of  air  and  dust 

•  Weathi  rstrippin  ,i  ,  •'  -     $1    led  to  the 

«'.r   •.  . '  ,  "-  o  -      rl    the  dot  'frame 
and  threshold, 

•  Hie  we  itl  !  stripi  ni  natei   i  h  "U  !  * 
iur  bleu  id<     ;1  n  \t  In  e,n  ni    n   \\  • 

and  replaceable. 

•  f3a  sic  types  o  <'.  al  i<  i    ri  )|  n ;  ■■.  iu  '• 

•  Spring  i    isionedsl   p  oi   lui  imurn,  bronze, 
orstainlr  r  o\  q  slv  n 2    Istei 

•  Vinyl  ornei  >n  ne  gaskets 

•  Foam  plastic  or  rubber  strips 

•  Woven 


fl 

•  Meta 

pring   •  ip 

ip  in  i 

Weather 

I  ll 

0 

Vinvlorrut 


J 


js£SS 


4  Metal  spring  strip 

V(  rhersfi  pin   A/lei    i    h"l« 


•  Vinyl  aask 


Vinyl  gaskets 


Weatl  i  <tripping  :  often  >upplii  ■■  md 
in  tall  Ibyth  m  inufai  I  in  r  >i  <  lidinggl  : 
li   ■    gl       i  ;i  ,       looi    ■<<■<>    ioors 
and  overhead  doors, 
Automata    o  >rl  tti  m    •  nsisl  of  a 
k  rizon  i  i  iral  the  I  »  S  n  •    doi  >   h  i1 
!,!  i    mtom.  i*  I1!'     i     -V  li     i    I    edin 
ordertoseal  th    ht   h  (dan '«  duc^  noise 
in  smis  i<  . 


Vinyl  gaslcel 


Vinyl  t  skei 


Applie 


Thresholds 

fhreshol   > cover  the  joints  I    •*.«,,  /ofloorin§ 
materials  at  doorw   /s  ndsi  v   is  a  weather 
barrier  at  exterior  sills. 

•  thresh'/1     u  uall     -s  ,  :ce  -..  undersides^ 
tofitsnugl    igain  I  the  flooring  or  sill. 

•  When  i   ;1  lied  ru  ■  nil;  j<  in    »i  ilant- 
is  used  for  a  tight  seal, 

•  Metal  hresholds  may  b    ast  or  coven    wit! 
ibi  isiVe  material     pn  n       n<  i  >Iij    uri  ic< 

bi     Gui  eline 

•  Thresholds  shos  lighei  '(13)-"" 

and  br  be«     d\         ■'  )    i         eperthan 
1:2;  thresh  '     I       teriorresid   iti  ih  lidinsj 

door;  n  ;  I     iigh 


*  Bumperstrip  •  Interloi  king  1  hi  ol 

■'  eafhei    ipplng    oo    hi  sholi 


Vinyl  insert 


W   >d:h<  rd  ".<  :/->  "b  fo 

I   -  ;  mi     •  i 

Wid     m<  he  jh1  v  rie: 


i !  in  I       ,;-i  n  e 
i ,  ilumi  i., i 


2J/4"to6"(57to150)      x^  fye",1//  /2"   >,<    I! 


Fluted  ste  L,   iminun 
or  bronze 


5"to7T 


x-  ^V,1/^  (0,10, 13) 


WINDC 


cMtN 


Wi  ndow  Fr  a  me  — — 

•  Metal  window  frames;  see  5.24, 

•  Wood  window  frames;  see  523. 

•  Insect  screen  may  be  on  interior 
or  exterior,  depending  on  window 
operation 

•  Head  is  the  uppermost 
member  of  a  window  frame,  —  ■■-- 

•  Jamb  is  either  of  the  two  side 
members  of  a  window  frame,  --,. 

•  Sill  is  the  horizontal  member 
beneath  a  door  or  window 
opening,  having  an  upper  5i 

sloped  to  shed  rainwater/- 

•  Subsiil  is  an  additional  sill  uuwa 
to  a  window  frame  to  cause 
rainwater  to  drip  farther  awa; 
from  a  wall  surface. 

•  Exterior  casing: 

not  always  used 

•  Drip  cap  or  head  casing  ■■--"" 

•  Side  casirw- ._.. 


Sash  and  Glazing _ _..„„ m 

•  Sash  refers  to  the  fixed  or  movable  framework 
of  a  window  in  which  panes  of  glass  are  set. 
Its  section  profile  varies  with  material 
manufacturer,  and  type  of  operation.  -  - 

•  Fane  is  one  of  the  divisions  of  a  window, 
consisting  of  a  single  unit  of  glass  set  in  a  frame.  - 

•  Glazing  refers  to  the  paries  or  sheets  of  glass  set 
in  the  sashes  of  a  window.  Single  glazing  offers 
little  resistance  to  heat  flow.  For  a  reasonable 
thermal-resistance  value  (R-value),  double  glazing 
or  a  separate  storm  unit  is  required;  using  glass 
with  a  reflective  coating  or  triple  glazing  is  an 
option  if  a  higher  fvvalue  is  required.  See  #.30. 

•  Just  as  important  as  the  thermal-insulation  rating 
of  a  window  is  its  weathertightness.  Operating 
sash  should  be  wea therstripped  against  windblown 
rain  and  air  infiltration.  The  joint  between  the 
window  frame  and  the  surrounding  wall  should  be 
sealed  and  have  a  windbreak  built  into  the  detail, 


4 

S^a\    |]fag 

■   ;  ;    ;       sjl 

: 

Rough  Opening 

•  Consult  window  manufacturer  for  required  rough 
or  masonry  opening.  Space  is  required  at  the  top, 
sides,  and  bottom  for  leveling  and  shimming  of  the 
window  unit. 

Casing  Trim 

•  Casing  refers  to  the  finishing  trim  work  around 
a  window  opening,  consisting  of  head  and  jamb 
casings,  window  sills,  and  aprons;  see  10,27. 

Building  Code  Requirements 

In  selecting  a  window  unit,  review  the  building  code 

requirements  for: 

•  Natural  light  and  ventilation  of  habitable  spaces 

•  Thermal  insulation  value  of  the  window  assembly 

•  Structural  resistance  to  wind  loads 

•  Clear  opening  of  any  operable  window  that  serves 
as  an  emergency  exit  for  a  residential  sleeping 
space;  such  vmdows  are  typically  required  to  be  at 
least  5.7  sf  (0,55  m2)  in  area  and  have  a  minimum 
clear  width  of  20"  (510),  a  minimum  clear  height  of 
24"  (610),  and  a  sill  no  higher  than  44"  (1120) 
above  the  floor. 

•  Safety  glazing  for  a  window  that  could  be  mistaken 
for  an  open  doorway;  any  window  that  is  more  than 
9  sf  (0.64  may  and  within  24  of  a  doorway  or  less 
than  60  above  the  floor  be  safety  glazed  with 
tempered  glass,  laminated  glass,  or  plastic. 

•  Type  and  size  of  glazing  allowable  in  fire-rated 
walls  and  corridors. 

ADA  Accessibility  Guidelines 

•  Windows  that  require  operation  by  occupants  in 
accessible  spaces  should  have  adequate  clear  floor 
space  for  maneuvering  a  wheelchair;  be  within  reach, 
and  be  operable  with  one  hand  without  requiring 
tight  grasping,  pinching,  or  twisting  of  the  wrist. 

•  Rails  are  the  horizontal  members 
framing  a  window  sash, 

-  Top  rail 

-  Muntins  are  the  vertical  members  holding 
the  edges  of  windowpanes  within  a  sash, 

-•  Stiles  are  the  upright  members  framing 

a  window  sash  or  paneled  door, 
N  Bottom  rail 

-  Mullion  is  a  vertical  member  separating 
a  series  of  windows  or  doorways. 


0%  ventilating 


Casement 


1001  ventilating 


Fixed  windows  consist  of  a  frame  and  stationary  sash. 
When  used  in  conjunction  with  operable  window  units, 
the  thickness  of  the  fixed  sash  should  approximate  the 
cross-sectional  dimension  of  the  operating  sashes. 

Casement  windows  have  operating  sashes  that 
are  side-hinged  and  usually  swing  outward. 
When  open,  the  sash  is  able  to  direct  ventilation. 
The  inner  end  of  the  sash  may  slide  along  a  track  on 
the  sill  or  jamb  as  the  sash  swings  outward. 
A  pair  of  sashes  may  close  on  a  vertical  mullion  or 
have  a  floating  astragal  to  close  on  each  other. 


Awning 

&  Hopper 


100%  ventilating 


Awning  windows  have  operating  sashes  that  swing 
outward  on  hinges  attached  to  the  top  of  their  frames. 
Hopper  windows  have  operating  sashes  that  swing 
inward  on  hinges  attached  to  the  bottom  of  their  frames. 
When  open,  the  sash  is  able  to  direct  ventilation. 
The  sashes  may  be  stacked  vertically  with  sashes 
closing  on  each  other  or  on  meeting  stiles, 
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LEED  EG  Credit  2:  Increased  Ventilation 
LEEDEQ  Credit  5:  Daylight  &  Views 


Sliding 


50%  ventilating 


Double-Hung  •  501  ventilating 


A  sliding  window  has  two  or  more  sashes,  of  which  at 
least  one  slides  along  horizontal  grooves  or  tracks. 

Double-hung  windows  have  two  vertically  sliding 
sashes,  each  in  separate  grooves  or  tracks,  closing 
different  parts  of  the  window, 
The  sashes  are  held  in  the  desired  position  by  means 
of  counterweights,  pretensioned  springs,  or  friction. 
Single-hung  windows  have  two  sashes,  of  which  only 
one  is  movable. 


Jalousie 


100%  ventilating 


Jalousie  windows  have  horizontal  glass  of  mod 
louvers  that  pivot  simultaneously  in  a  common  frame, 
Jalousies  are  used  primarily  in  mild  climates  to  control 
ventilation  and  to  cut  off  visibility  from  the  outside, 


Pivoting 


lOOIventilath 


Pivoting  windows  have  sashes  that  rotate  90s 
or  1ftO°  about  a  vertical  or  horizontal  axis  at  or 
near  their  centers, 

Pivoting  sashes  are  used  in  air-conditioned  multistory 
or  high-rise  buildings  and  operated  only  for  cleaning, 
maintenance,  or  emergency  ventilation. 


M 

(0) 


iif  4ily\rhu  i 


Aluminum  window  frames  may  have 
equal oi  urn  ,h  1 1  j    ,i  ,        itjonth 
nature  of  the  wall  construction, 
The  fin  created  by  unequal  leas  cm  serve 
as  a  windbreak  for  the  joint  between  the 
window  u  ih  ind  th  walla  nstruction 
The  fin  may  ilsoheused  foi   ecurinathe 


fram  both    upporti ,  ]  i1  k  in  < 

leala  i1  i  req  li    d  I  ..  ith<  r|  \  o\ 
joints  b<  i     enthi    ind*    ft  imeand 
th  wall  on  tru  tk  i 


Head,  jamb,  ind:  ill  sections 

are  usually  i  nilarinj  n  fil 


Drips  arc  requi   d  foi  horizontal 
m  mben  al  tin  h  ;adsofventi!  tin, 
ish  »that  an   ,  v  1    iti  a.. 
erii    ' !    "I       >■  ill.  - * • 

'  '     h      ripping      I  n  o  n    in 

grooves  in  the  frame  and  sash  secti 

fhi    nalbi    sb 


n  til    ii    b«  ad  .-- — — 
/.     a      ?,29for§lazin      : 


•  r)ecau:     il  iminui  is  u     ptibleto 
a  ih  ni    <  tioi    ii  ■  horiri0  m  u     I 

ii  Ifla  hii  %  \  -  uldl  ■    lui  -iiinm  or  a 
n  iti  ri  I  .  npa  1 1       h  ilumii  u  i 
such  a:  ■     i        _•       i  .   '    i    .. 
steel,  Pis  mil  -  m  I  it  ■  such  as 
coppi  i     -  ii  !!    n  ulated  from 
direct  cof    se1  with  I  i<    lum  in  nl  / 
a  i  '.e  rp  Oi  f   ions  nd  i  tivem  it  fa 
such  as  ni  opi  n<  on  o  ted  felt.  For 
more  information  on  galvanic  action,  see 
12,09, 

*  •  -j  ,   f  -   lit i  >•"  i     "til  ictwitl 

cone  eteorn     i  ni     hoi  l<  il  -t   ' 
protected  by  a  cea  I  noj  o1  bituminous 
or  aluminum  paint  or  by  a  zinc 
chromate  primer. 


:        ,       *  Va"  to  -7a!J 
(13  to  19) 

1 

•    !         1 

!         '                                i 

Mi  do  dirrif  n  ii  n 


:"  to  4-72"  (51  to  115 

pi,  [j  f|  .,,,  lepth 


i"  to  3J/2"  (51  to  90) 
typical  sigh  1 1 


*9ij 


Metal  windows  may  be  i  tbi  .  ated  mdof  aluminum, 

eel.oi  bron  ,     hov  n    i  thi »  ind  il1  f<  ll<  s  i 
p  .{<    r  typi  al  <  ti  msfo    lu  mi  imwim  s1*" 
it-1   u  "  a„if  ",  «"'  m     an  I  -a*  ma  md    i  'I 
sections  vary  gr  itly  fro  nonem  ir  u  a  turertothe 
n  '      fei    »th<  m  i  ul  ictun    dit  i  itur<  or 

•  laajf    ft.    ;    -  '  i  i.  i .'/  andsa  h|  ro  le< 

•  Alloy, -,'■  iqht  in !  to h i <  knes  ol  see  Mens 

•  Thermal  p<  rfi  rmanc<  of  window  issembly 

•  Resistan  ,  to  orro  ii  n   /at  ■  pressure,  air 
infiltration  ind  and  loading 

•  Glazing  i'  thod  «  ind<  •  ii  n 

•  I  inish<  -avail  ibl< 

•  Rough  .  rn  i  onry  pening  «requ  red;  some 
manuf  ictui        ffei  wi   l<     sizes  while 
others  will  i  il  ri<  iti  cus    m  >i  es  shapes,  and 
configurations, 

' ; ,  lin  -:  ii  d  w 

Aluminum  indowfram  .  itivi  I /low  in 
cost, light  , ''.  'u  \a  osionn  istant, but 
because  th  .  h  efficient  con  luctorsof 
h;  ii  .  n  :•  ii  -  ;,i'  i ; ;  iethi  rm  Ibn  ■ 
arerequin  toil  upt  the  flow  I  heat  from 
i  to  tl     oolsid      I     fram     luminun 

imesn  odi  n  iirn  lor 

fluoropeh  nei      in  Fii ii  dies, 

Consult  the  Ai        nArchi     la      Man  rfan  turers 
Associatii  i       MA)  foi   ril    .       eloped  for 
th  perfi  m  in     «>    umi  n    fln '    •    n  lu  lii  \ 
,  inimi  ii      '      nsfoH         trermj  h  n 
thickness,  ci    •  >\\  nn  s     m<     ii  it  Pi  Iti  ition 
w  tans     id  win  I  load    )  abilfl 


CS!  M  sferFormal  08  51  00  Metal  Window 
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Steel  anchors  secure  the  window 
frame  to  the  wall  construction.  - 


Head,  jamb,  and  sill  sections  are 

usually  similar  in  profile,  -  •- 


Window  may  be  glazed  from 
the  inside  or  the  outside  and 
accommodate  different  glass 
thicknesses;  see  &2#-&29  for 
glazing  systems,  _—-—— ~ 
Snap-in  glazing  beads  - -~.^_ 


<?) 


Steel  Windows 

Steel  window  frame  and  sash  sections  are 
manufactured  from  hot-rolled  or  cold-rolled  steel, 
because  steel  is  stronger  than  aluminum,  these 
sections  are  more  rigid  and  thinner  in  profile  than 
aluminum  sections,  offer  narrower  sightlines,  and 
allow  larger  lights  to  be  installed  in  a  given  rough  or 
masonry  opening.  Steel  also  has  a  lower  coefficient 
of  heat  transfer  than  aluminum  and  therefore 
steel  window  frames  do  not  normally  require 
thermal  breaks, 


Drips  are  required  for  horizontal 
members  at  the  heads  of  ventilating 
sashes  that  are  flush  with  the 
exterior  face  of  the  wall  -.^ 


Weatherstripping  is  set 
into  integral  grooves  in  the 

frame  and  sash  sections,  - 


(2 


vffr 


The  frame  and  sash  sections  are  welded  together 
and  are  usually  galvanized  or  bonderized  and 
primed  for  painting,  Baked  acrylic  enamel, 
urethane,  and  polyvinyl  chloride  {fA/C)  finishes 
are  also  available. 

Consult  the  Steel  Window  Institute  (SW1)  for  the 
criteria  and  standards  established  for  various 
weights  of  steel  window  frames  and  sashes. 


frto1J/2"(25to3&) 
typical  member  depths 


id) 


1/2i,to5/e"fl5to16) 
typical  overlap _ 
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Wood  frames  are  thicker  than  aluminum  or  steel  frames, 
!'!  theyareal    mot     '!i    m  is  tin  t  nalinsu  itors  >li, 
frames  are  usually  of  kiln-dried,  clear,  straight-grain  wood, 
factory-treated  with  a  watei  repellant  pi  ;servatwe.  The 
wood  may  be  stained,  painted,  or  primed  for  painting  on  site, 
To  minimize  the  need  for  maintenance,  the  majority  of  wood 
frame    \n  now  el   I  with  in  >\o\  b<  nded  o  icryli<    oa1    ! 
aluminuii    e<  tion  tha  r  ■.  ii   m  i  in1  ng 

Most  stoci  woods  i  idow  i^re  1 1  mufa<  i  ireda  cording  to 
•I  mdardse:  tabli  Medb)  the  National  Wood  Window  and 

Door  Association  (NWWPA)  and  adopted  by  the  American 
N  ition  I  itanda  t  In  >ti1  i1   (AN!  ,  fhec    ictpr   ,!• 
mddimi  m  ii  nso!  the  window  frami  m  Isai  h  vary  with 
hi    ypeol  win  low  ip  i  i  ion  nd  fn  i  m  i-  u   eturerto 
n  mi !  i<  turei  I  i  hm  n  d  ii  tui     howevei  u  u  illyh  \\ 
large-scale  1  Jlf  or  5"  =  1L0"  (1:10  or  1:5)  details  that  can 
b<  u  ed  to  work  out   pecific  window  in  -tall  tti<  i  . 


(  om  ul  'a*!,  wmai     i  turei  fi     I  -     in  i.  v     *    i  dn  gh  ^   ing » require^ 
5i  ni  1 1  mul  k  tu  <  n  will  fabricate custon    izes.shapi     mdconfig  r  itioi  - 


Wi  id  **  mai     n    n  :i  ••  ffer   iriou     >ml  in  tion:  o1 
bothfixr.fi  irii   *  ■  i.  io  :  m    locov    I  irgi  • p*  ni  g 


li 


I 


i 


v  in  li  -a       nay b    tacked  vertically 
orl'f  banl  tlsi,    !  v*  id 

Structur   suj  ?ortin  mullii  ns  may  be  used 
loredna  I  h  >\\  i of th  !"<<  d< r  or lint  1 

i  ■  inforc<  menl  n  ly  n  required  whi  n 
four  window  >meet#a    mi  on  corner 


•  Speci,  I  shape    meavaila  A  I  in 
many  manufacturers. 


3i    45,60.  '!■■' 
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Angled  or  box  bay  windows 


CSi  08600  Wood  Windows 


!  -■  \dt  sized  tc 

1  - '  opei  irii    - 
see  5,45. 

Interior  wall  finish  "-""" 
Form  of  interior  casing 
trim  varies.  ■ ~~ 

1(1  hi  i    •"-••', 
th  rn  I  in    -    ion.  -^" 


^-+  Exterioi     II  fin 
_/*  Flashing.'  erdri 
turn  up  2"  (51) 

—  !/2"to3/4-"  (13to19) 

shim  space 

•  Consult 

'  in  ii    '  m  r        1 

for  these 

.  n  nsions.         w- 


Masonry  lintei;  see  5,21 
and  5,24, 

Flashing 

r)acken  dan 


Head 


Head 


•  Jamb  extensions  are 

isedti  ad  p1  '!' 
window  unit  to  varying 
va  II  thick  w    ■  .  ~~~^ 

jamb 

*  Insect  screen  unit 
may  be  on  interior  or 
exterior  depending  on 
window  operation.  — . 

*  Weath  ppin  i  J 
be  installed  on  frame, 
sash,  or  both.  -—"^" 

•  Woodjoinin  strip    - 
I  irrovw  Mi  ll  \ 


\   •"■ 


casing 

Mounting  fin  serves, 
i  weathei  barriei 


Window  may  have 
n ,l   jl  zing  with  an 
d  iiii-  ,i  il  loubleor 
.,  [t  gl  ■  ing  panel,  or 
b    |ia    d  with  sealed 
insulating  glass;  see 
8.30. 

Horizontal  transom 
onditionb  tvveen 
i  ickedwi  idow  units 

>    iirnil  rton  i  i  , 

nulli  1 1  ;ondi 


Mounting  fin  secured 
to  wood  blocking 
E3aci  r  rod  and  seal   t1 


Jamb 


Wood  or  steel  support 
true  ton  Irnul  o , 
.  dui    ><i  ii   rspa 


h  ictural  bullion 


A  Ton     e  10    , 


ilfini 


idditi     ilsubsiiloi 
II    «       ',  maybe 
-    ruin    i   overhang 
e  berioi   •  ill;  ii  ii    m 
form  a  drip. 

ing  hardy  re/ 
as  required  by  type  of 

>:  doi    |  ratioi 


V4l!to]/2"(6to15) 
shim  space 

Rowlock  sill 
Continuous  flashing 
with  vmep  holes 


Sill 


Sill 


2x6  Stud 


Masonry  Cavity 


©.28 


u  :mm  .::j  im 


A  bedding  of  putty  or 
glazing  compound  is  laid 
in  the  rabbet  of  a  window 
sash  to  give  a  pane  of 
gla  s  mev  mbai  king  - 


Glazing  tape  is  a 

preformed  ribbon  of 
iynthi <!>    ibb<  i  such  as 
butyl  or  |  olyi;  obutyli M. 

Iw>  rig  dhesi  epropertt 
mdu  ..■  ■  ,    i'!'    <   >rm 
a  watertight  seal  between 
glass  and  frame,- -.„. 


Jetting  bloc! 
Weep  hole  — 


/ 


I  ,,i    putty  is  th<  putty  n  glazing 
compound  formed  on  the  exterior 
side  of  a  glass  pane. 
Metal  gl  iziei  s  point;  h  M  i  j!j 
pane  in  a  wood  sash  until  the  face 
putty  has  hardened, 


Cap  bead  or  sealant  is  an  adhesive 
liquid  o\  syntheti;  rubb  r  injected 
into  tin  joi i  1  ^   .      gl  isspane 
"i  unit  md  a  window  frani;  <  uring 
to  form  a  watertight  seal. 

tairigl    ido    to |  sth<  wood 
mol  i  igoi  ''<  1  il    cti  >n  secured 
against  I  Ir  edge  of  a  glass  pane  or 
unit  to  hold  it  in  place, 

eelt       i      i    "     iweliqui 
of  synthetic  rubber  injected 
b  tw   n      i!     un.  or  unit  and 
■  : i  .! ;       I,  curing  to  orman 
airtight   eal 


Face  Glazing 

'  »i ill  w     "  iesm i    .    etina   a  w  i>< 

ft  ime  hel(  ii  pi  ic<  mil  qlawr.  poinl  .  and 

sealed  with  a  beveled  bead  of  putty  or  glazing 

compound. 

•  Putty  is  a  compound  of  whiting  and  linseed 
oil,  of  doughlike  consistency  when  fresh, 
isedin  ecuring  indowpai .  •  oi  pati  ling 
,'h  w,  wl  d<  h   ts 

•  Glazing  compound  is  in  idhesiv  compound 
used  as  putty,  formulated  so  as  not  to 
bee;  mt  bril  le  with  ige 

,  gh  a  ion  than  6  si  (0  (  in ']  in  area,  must  be 
wet  oi  dry  glazed 

Wet  Glazing 

Wetglazingi  Ida   ettingofglassinawindow 

frame  with  jlazingta  woi  a  liquid    lalant 


Compn  i  ikets  ^ 
an  | ,.  formed  »tari)  >o\ 
iynth  I  i  ml        ■  [     ■ 

compressed  between  a 
glass  pane  or  unit  and 
a  window  frame  to  form 
a  watertight  seal  and 
cu  ihion  foi 

Weep  hole  - — """ 


Structural  ga  >k<  i 
w/lockstrip 

Vs"  (3)  minimum- ^.., 

Weephoies   -—.....„ _... 

Insul  iting  }  \  •  reguin  > 
concentric  g  isk  s 
chan  lei  oi  <  ualwidl 


'        :     h 

!      :    11      ! 
■'    1      i 

.;  !  i  i 

S     !j 

I'm;  ; 

Reglet  typt 


74"  (6)  minimum 
Smoo  hsi .  ace 


••'        requirei 


Pla  tii  s*  -I  ! 

in    ncret 


Si 
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CS!  MosterFormol  08  81  00  Gloss  Glazing 


Mullion  supported  gasket  for 
multiple  or  divided  openings 


Dry  Glazing 

Dry  glazing  i   the  setting  of  gla:  an  a  window 
frame  with  a  compn  mn  y,  *ket  instead  oi 
•  i  in<  tapi    ra  iquid  • .  I  in1 

Structural  Gaskets 

Stru     '  ii  •; ,  kets  n   pn  formed  ofsyi  th*  t'u 
ubbei    ■ '  •!■  r  !  i:  torn    i<  i  iti  i  i!  tt  securea 
gl  is  pane  or  unit  in  a  windov  frame  or  op<  ning 
The  gas!  1 1-    reh  :id  in  <  mj  -  •  -ion  by  forcing 
i  keyed  locking  strip  in  o  t  groove  in  th<  gasket, 
fheyreguin   »n  sothcontad    ui  ,      and  i 
ii  in).,  ■  opet  i  w  w'ili;  lactii    di  iem  onai 
tolerances  and  true  plane  alignment.  The  glass 
m  istb    i  ppo!  edon  it  least  1  w;  ide  t ,  hi 
frame  or  a  supported  gasket, 

j  '/e"  (5)  maximum  edge 

clearance  on  all  sides 


do\)f\  ml-  ma  dry-glazing  systems  should  allow  the  glass 
unit  to  float  in  its  opening  and  be  cushioned  with  a  resilient 
glazing  material.  There  should  be  no  direct  contact  between 
the  glass  and  the  perimeter  frame,  The  perimeter  frame 
itself  must  support  the  glass  against  wind  pressure  or 
suction,  and  be  strong  enough  that  structural  movements 
and  thermal  stresses  are  not  transferred  to  the  glass, 


Glass  size  is  the  size  of  a  glass  pane  or  unit  required  for 
glazing  an  opening,  allowing  for  adequate  edge  clearances. 
United  inches  is  the  sum  of  one  length  and  one  width  of  a 
rectangular  glass  pane  or  unit,  measured  in  inches, 


Limit  deflection  to  7i/5  of  span, 

7s"  (5)  clearance 

Edge  blocks  of  synthetic  rubber  are 
placed  between  the  side  edges  of  a  glass 
pane  or  unit  and  a  frame  to  center  it, 
maintain  a  uniform  width  of  sealant 
and  limit  lateral  movement  caused  by 
building  vibrations  or  thermal  expansion 
or  contraction;  4"  (100)  minimum  length, 

Setting  blocks  of  lead  or  synthetic  rubber 
are  placed  under  the  lower  edge  of  a  glass 
pane  or  unit  to  support  it  within  a  frame; 
two  per  panel  at  quarter  points, 
Setting  blocks  should  be  as  wide  as 
glass  thickness  and  0,1"  per  square  foot 
(25  mm  per  0,09  m2)  of  glass  area  in 
length:  4"  (100)  minimum. 


Minimum  of  two  VT'  to  5/s"  (6  to  10)  0 
weep  holes  in  glazing  pocket 


Glass  Type 


Sheet  glass 

55 

Vie"  (2) 

74"  (6) 

7e"(3)                             | 

D5 

7s"  (3) 

74"  (6) 

7s"  (5)                           Jll 

Plate  glass 

74"  (6) 

7d"(3) 

3/s"(10) 

74"  (6)                        ,11 

3/6"(10) 

3/l6"(5) 

7/l6"(11) 

5/i0"  (5)                        1  I]1 

1/2"(15) 

7/4"  (6) 

7/l6"(11) 

V(io)                ! 

Insulating  glass 

1/2"  (15) 

7s"  (3) 

72"  (15) 

^"(5)              !  Ill 

D/s"(16) 

Va"  (5) 

72"  (15) 

7ft"  (3)                        |    j||j 

3/4"(19) 

5/i6"  (5) 

72"  (15) 

74"  (6)                                              |Jlj!| 

1"  (25) 

3/l6"(5) 

72"  (15) 

74"  (6)                     :'    .J 

Face  clearance  (A)  is  the  distance 
between  the  face  of  a  glass  pane  or  unit 
and  the  nearest  face  of  its  frame  or 
stop.,  measured  normal  to  the  plane  of 
the  glass, 

Bite  (f3)  is  the  amount  of  overlap  between 
the  edge  of  a  glass  pane  or  unit  and  a 
window  frame,  stop,  or  lock-strip  gasket, 
Edge  clearance  (C)  is  the  distance 
between  the  edge  of  a  glass  pane  or  unit 
and  a  window  frame,  measured  in  the 
plane  of  the  glass, 


3©     W  Mi^'-M-1   <  [U  ;r; 


Insulating  glass  consists  of  two  or  more  sheets  of  glass 
separated  by  a  hern i       illy  sealed  ail   pace  to  provide 
,  ;reas(    then  lalinsu    ion  md  estrk     on  I  i  ation 

•*  Glassed  jeunitsai   '  >n  tri  t<  t by  1  isirig  th<  j  !a«  -  rf two 

sheets  of  "bhi  (2)  (55)  or  Vs"  (3)  (D5)  float  glass  togethf  i 
-  The5/io"(5)  pa  ebetw  ewXht  twoglas    heets are  filled 

with  dehydrated  air  or  an  inert  g  i<  a1  itn  o:  pherie  pressure. 
•  Glass  O'',  en  ■ ,'.  ii.   suitable  for  mailer  lights  in  residential 

andcomni!  eialgla  ing  indmaynol  beinst  tiled  with 

struct m  ilga    a 
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Insulating  Glass  Type 
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Glazed  curtain  walls  are  exterior  nonloadbearing 
walls  consisting  of  vision  glass  or  opaque  spandrel 
panels  supported  by  metal  framing,  They  may  be 
categorized  according  to  their  method  of  assembly. 

Stick  Systems 

The  stick  system  consists  of  tubular  metal  mullions 

and  rails  assembled  piece  by  piece  on  site  to  frame 

vision  glass  and  spandrel  units,  It  offers  relatively 

low  shipping  and  handling  costs  and  can  be  adjusted 

more  readily  than  other  systems  to  on-site 

conditions, 


Anchors 

Mullions 

Top  rail  (window  head) 

Vision  glass  (installed  from  inside) 

Interior  rnullion  trim 

Bottom  rail  (window  sill) 

Spandrel  is  a  panel  in  a  multistory 
frame  building,  located  between  the 
sill  of  a  window  on  one  level  and  the 
head  of  a  window  immediately  below. 


Unit  Systems 

Unit  systems  consist  of  preassembled,  framed 
wall  units  which  may  be  preglazed  or  glazed  after 
installation.  Shipping  bulk  is  greater  than  with  the 
stick  system,  but  less  field  labor  and  erection  time 
is  required. 


Anchors 
Preassembled  wall  units 


Unit-cmd-MuIlion  Systems 

In  the  unit-and-mullion  system,  one-  or 
two-story  high  mullions  are  installed  before 
preassembled  wall  units  are  lowered  into  place 
behind  the  mullions.  The  panel  units  may  be  full-story 
height,  preglazed  or  unglazed,  or  may  be  separate 
vision  glass  and  spandrel  units. 


Coiumn-Cover-and-Spandrel  Systems 

Column-covewand-spandrel  systems  consist  of 
vision-glass  assemblies  and  spandrel  units 
supported  by  spandrel  beams  between  exterior 
columns  clad  with  cover  sections. 


Anchors 

One^  or  two-story  high  mullions 
Preassembled  wall  units 

Interior  rnullion  trim 


Column  cover  section 

Glazing  infill 

Spandrel  panel 


Spandrel  beams  span  between 
columns  and  support  the  outer  edge 
of  a  floor  or  roof, 


See  7.24-7,26  for  general  conditions  and 
requirements  of  curtain  wall  construction. 
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iih  t  li  tails ilh  »tra1  r\  /pii   Icond  >  on  oi 
glazed  curtain  wail  construction.  When  using 
a  ind  ird  ( ibric,  tedwal    y;     m  s,  there  is 
no  need  foi  exti  n  m  \t  i  ilin  i    '.  epbvvhen 
i  np(  ien1    ire  n  odifii  i.  Foi  m<  r  in-depth 
information,  refer  to  the  Aluminum  Curtain  Wall 
Design  Guid  M  a  e  publi  h  d  by  the  American 
Architei  t  n  IM  ii  H  icturei   /   so<  ition 
(AAMA)  I  i..1 '    Glas  M  irki  ting  As  ociation 
(I  (3M/Y)  in '  .i  m  lai  i  >dt  •  1    »  dby  th< 
Ami  rii  inSoci*  tyl  >i  le  tin<   mdfvl  iterials 
j  •  iTI  I)  i  lift     on      nclud 

•  Overall  wall  pattern 

•  Type  of  glazing 

•  hype,  iize,  indlo<  itionoi  ii  yoperabt 
win  lo     i  h 

•  [yj     in  Ifi  ii  >ho1  infill  <  i   pandi  I panel 

•  Perimeter,  cornet   i  id  im  hoi  \qt  i  m  litii  n 

•*  Snap  on  covers  may  be  used  to  conceal 
1 1!  t<  H       rovidi  i  ninl     mpted  profile! 
m  I  pi  rmil  \  riatii  m  inn  I  ii  ini  Mt 


fhi  requ  re :  ize.sti  i  ^  i  ind:  iffn  s 
of  the  curtain  wall  fr  im<    reef    rminedby 
the  loads  th  fi  mi.  nu  am  in  /     primarily 
lateral)     I  load;  in<  i  !  i     lyligh    |i  ivil , 
load     .  nsuhi  thi  mai  ufat  un  r  forth* 
structure  capa      of  the  curl  linwall 
<  /  ■  nbly  is  well  isil  -f    -istanceti  wal  r 
id  a.  mm   il  -i 


A  curtain  a  11  -;  U  n  may  utilize 
structur,  h    >ke1     «  j    .  !   ■    '•■>:•■ 
u  ti      nd  -',  ndn  Ipai  Is.Th    .  ipp  rting 
frame  members  should  be  of  the  same 
thickness  i  fchi  in:   I  tin,  ,  issunitto 
i  isun  !  A   iced:  spporl 

hen  si    :.    i     dating     .  "nits 
,   c  IK  thi   ;  §1  fcofth  is  ;per  glass 
units  can  ii  reduce:  s       esi  itothi  lower 
|l   >    mil  ». Foi   hi  !.■;  -/I    hi  hi  i   out, l 
muilionra  her  than  tl    gasl  its  should 
provide  Mi-  nei    »s,  y    pportfoi  the 
glazing. 

5ei  c\2dfoi  moi  i  iform  i  ii  •  ongla  i  , 
withstru(  turafgask  ts 
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Glazed  openings  in  a  roof  allow  daylight  to  enter  an  interior  space 
from  above,  This  efficient  and  cost-effective  source  of  lighting  can 
be  in  place  of  or  in  addition  to  the  norma!  daylighting  from  windows. 
Careful  consideration,  however,  should  be  paid  to  the  control  of 
brightness  and  glare,  which  may  require  the  use  of  louvers,  shades, 
or  reflector  panels.  Horizontal  and  south-facing  skylights  also 
increase  solar  heat  gain  in  the  winter,  but  in  the  summer,  shading 
may  again  be  required  to  prevent  excessive  heat  gain. 


*  Circular  Dome 
Skylight  Forms 


square  dome 


Pyramid 


Glazed  openings  may  be  constructed  using  the  following  elements; 
^  Skylights  are  metal-framed  units  preassemhled  with  glass  or 

plastic  glazing  and  flashing,  They  are  available  in  stock  sizes  and 

shapes  but  may  also  be  custom-fabricated. 
^  Roof  windows  are  stock  wood  windows  designed  for  installation 

in  a  sloping  roof.  These  windows  either  pivot  or  swing  open  for 

ventilation  and  cleaning,  They  are  typically  2'  to  4'  (610  to  1220) 

wide  and  3'  to  &  high  (915  to  1550)  and  available  with  shades, 

blinds,  and  electric  operators, 
-  Sloped  glazing  systems  are  glazed  curtain  walls  engineered  to 

serve  as  pitched  glass  roofs. 


Glazing  may  be  of  acrylic  or  polycarbonate  plastic  or  of  wired, 
laminated,  heat-strengthened,  or  fully  tempered  glass,  Building 
codes  limit  the  maximum  area  of  each  glazed  skylight  panel. 
Double  glazing  is  recommended  for  energy  conservation  and  to 
reduce  condensation. 

When  wired  glass,  heat^strengthened  glass,  or*  fully  tempered 
glass  is  used  in  a  multiple-layer  glazing  system,  the  building 
code  requires  that  wire  screening  be  installed  below  the  glazing 
to  prevent  the  glass,  if  broken,  from  falling  and  injuring  building 
occupants  below;  exceptions  exist  for  individual  dwelling  units. 

The  minimum  slope  for  flat  or  corrugated  plastic  skylights  is 
4:12.  Plastic  domes  should  rise  at  least  10%  of  the  span  or  at 
leasts"  (125). 

The  frames  for  skylights  and  sloped  glazing  systems  should 
incorporate  an  internal  guttering  system  to  collect  and  drain 
infiltrating  water  and  condensation  through  weep  holes  to 
the  exterior. 
Roof  flashing 

Skylights  set  at  an  angle  of  less  than  45°  require  a  curb  at  least 
4"  (100)  high  to  elevate  the  skylight  above  the  surrounding  roof 
surface.  This  curb  may  be  job-built  or  be  an  integral  part  of  the 
skylight  unit. 


CSI  MasterFormat  08  61  00  Roof  Windows 
CSI  MasterFormat  08  62  00  Unit  Skylights 
CSI  MasterFormat  08  44  33  Sloped  Glazing  Assemblies 


Skylight  units  require  a  framed  roof  opening;  both  the 
supporting  roof  structure  and  the  skylight  units  must  be 
engineered  to  carry  the  anticipated  roof  loads. 
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|.     »n    vith  '   il ilil      fed*  ralregulati  m  in  latetheii 

illatioi      i  ill  rn    ivel     !  •  !  «   i  ti  •   I  iter,  which 

■   nmovs    large  number  oi      pleeffi  nd    ml  ,' 
bi  tween  ilim     I  nun  b  i    i  Flo  i 


; .    .     nd  wood  I  urn ...    - i     of  I    -     i 

i   i      'intsof  in1       ■  '        '      ri  •   !:'  pi h    n  n1 

replai     r     vein  houldh     lated 

the  scale  and  ir-  of  the  .pace.  Etoth  [replace:  ind  stoves 
must  beli  •  it    I  ndi  on;  rucl    I  to  Irafi  »n  perly.The 
damper  in  I  Flu    >\  .     »hoi  id  co    spondti    !, :  size  and 
| ,  portion  -oftl     in  bo;  ii  Iprei  ,  il  on  •  h  >u  Ibi     ,!  n 
against  lie  hazard    in  !h  if  loss. 

Kite!    '       ;i   thi  >  >m    i   i  ni  [u    ii    i  i     bi  ■■'■  "•  <  th  j 
lemandthei  n  Fulii  •  §i  iti<  i  oi  pli  n  I  ii  a    l<   tri<  i 

and  hi  an  i     itilating  -,•  I  m  with  th  a  n  tionaland 

aesthetic  requirements  of  th<   -paci      I       ire,     ilso  require 
pecialfixtu       nd  qui  >m  nt,  as  well  as  dm     li 

maintenance,  and  sanitary  surfaci  -  mdfini  :< 


The  dimensions  of  risers  and  treads  in  a  stairway  should  be 
proportioned  to  accommodate  our  body  movement,  Their 
pitch,  if  steep,  can  make  ascent  physically  tiring  as  well  as 
psychologically  forbidding,  and  can  make  descent  precarious. 
If  the  pitch  of  a  stairway  is  shallow,  its  treads  should  be  deep 
enough  to  fit  our  stride, 

cmilding  codes  regulate  the  minimum  and  maximum 
dimensions  of  risers  and  treads;  see  9.04-9,05,  For 
comfort,  the  riser  and  tread  dimensions  cart  be  proportioned 
according  to  either  of  the  following  formulas; 

•  Tread  (inches)  +  2x  riser  (inches)  =  24  to  25 

•  Riser  (inches)  x  tread  (inches)  =  72  to  75 

Exterior  stairs  are  generally  not  as  steep  as  interior  stairs, 
especially  where  dangerous  conditions  such  as  snow  and  ice 
exist.  The  proportioning  formula  can  therefore  be  adjusted  to 
yield  a  sum  of  26, 

For  safety,  all  risers  in  a  flight  of  stairs  should  be  the  same 
rise  and  all  treads  should  have  the  same  run.  (3uiiding  codes 
limit  the  allowable  variation  in  riser  height  or  tread  run  to  5/e" 
(3.5  mm).  Consult  the  building  code  to  verify  the  dimensional 
guidelines  outlined  on  this  and  the  following  page, 


Ladders 

•  R  =  12"  (395)  q.c.  typical 

Step  Ladders 

•  12-3/4"  (325)  riser; 
5"  (75)  tread 

•  For  private  stairs  only:   — 

•  7~3/4"  (195)  maximum  riser 
10"  (255)  minimum  tread 


7"  (160)  maximum  riser; 
11"  (250)  minimum  tread 
4"  (100)  minimum  riser 


b  maximum 


1:12  maximum  when  part  of  an 
accessible  route  or  an  emergency 
egress  system 


The  actual  riser  and  tread  dimensions  for  a  set  of  stairs 
are  determined  by  dividing  the  total  rise  or  floor-to-floor 
height  by  the  desired  riser  height.  The  result  is  rounded  off 
to  arrive  at  a  whole  number  of  risers,  The  total  rise  is  then 
redivided  by  this  whole  number  to  arrive  at  the  actual  riser 
height. 

This  riser  height  must  be  checked  against  the  maximum 
riser  height  allowed  by  the  building  code,  If  necessary,  the 
number  risers  can  be  increased  by  one  and  the  actual  riser 
height  recalculated. 

Once  the  actual  riser  height  is  fixed,  the  tread  run  can  be 
determined  by  using  the  risentread  proportioning  formula. 
Since  in  any  flight  of  stairs,  there  is  always  one  less  tread 
than  the  number  of  risers,  the  total  number  of  treads  and 
the  total  run  can  be  easily  determined. 


User  and  Tread  Dimensions 


Riser 

Treod 

inches  (mm) 

inches  (mm) 

5(125) 

15(550) 

5J/4(135) 

14J/z(370) 

5  J/2  (140) 

14(355) 

5~5/4(145) 

15  J/2  (540) 

6(150) 

15(530) 

6J/4(160) 

12J/2(520) 

6J/2(165) 

12(505) 

6-3/4(170) 

11J/2(290) 

7(130) 

11  esAfS  — —  .  — 

u    •        i     i  i  i  j. 

I!  [lOUj 

,  ivi^ximum  riser  nefgrit;  minimum 

7J/4(105) 

10%  (265) 

tread  depth  for  accessible  stairs  and 

7-1/2  (190) 

10(255) 

emergency  egress 

||AJ  '    in    J  J       '-     ','iMil=.  ||if  J  ".„      ,•] 


>1  n'rway  li   ign  ■   .trii  tlyregulal  id  by  th :  building  cod 
especially  when  a  stairway  is  an  es  enti  lp  rl  oi  in  :mergency 
..,!,.      .<  .tern  0  •  iu     in  /"•  sibl    w  ii  vay  ih  >uldai  . 
serve  a:  a  mean      i  in     during  an  <  m<  rg<  n<  /,  the  ADA 

■  e;   ibilityr  quin  merit:  i!i>    ra1  d<  n  th<  n    :  p  g<  in 
similar  to  tho:  <  ofanemi  rgencyi  gre  ■•  stairway, 

Stairway  Width 

•   [hi  i     -i'  ,    \o  •■'    h  h  4  i!      >ntheusegi  >up  it  i  I1!' 
floor  in  i served,  deten  inesth  i  qui  ed  width  { i  an  exit 
stairway,  ( on  ull  th    uilding  cod  for  details, 
l' ,,!  •  )mi  ii  ui    /id  I    >6"(  •.'  I  mil  imum  foi  -1  lirwa  ■ > 
•I «  ing  ii  i     u       ,i riess, 

-*  Hand    iism     pro    I  ima    nurn  >\  ;  '  '(11  >)inti    hi 
requin  dwi,   h     ringei    indtri    i  iy|    ijed  i  maximum 
ofi-1/2"(35). 


.Gildings 

L  indi  igsshoul  ,  :     i.  •        ■     i  -,•  ■."Si.  , 

serve  and  1 1      i  linin  uml<  ng  hi  qu  ,     the  &1  lir  width, 
measured  «  !,    irection  of  "travel.  I  indi  is  serving 
i     ,   ,      :  not  belongs    th  n    >"{  220) 

D  •  houl  high  h  '■■  fiorw  t  Pooi  swing 
must  not  reduce  the  landing  to  less  than  one  half  of  its 
required  width. 

When  1  '!•,''.  into  required 

width  by  more  than  7"  (1#0). 


.  i ,:  •■  ail    in     quii         pro     t  the  opt  nor       SO-' 
glazed sid     >1  itaiiw  mp     on  lies, and 

unenclosed  floor  and  n   fopi  nings. 
Guardrail:   .hi  ildheatleastd  !"  (1070)  high; 
guardrails  in  dwells  wnayb     611  (915)  high, 
'  u  irdi  it:  pro    ctingthi   ■>  n  »i  gl  izedsid    " 
astairwa  may    *     h<    mi  ',  i  hi  isthi    tair 
handrails, 

A  4"  (100)  phi  emu    not  la    bli  to  pas  > through 
any  opening  in  the  railing  from  the  floor  up  to  34" 
(565);  from  54"  to  42"  (305  to  1070),  the  pattern 
may  illowasj     reupl     >Mindiat     ertopass 
("i,  rdrail    .houldb    ibl         thsl    idaeoncenti     d 
\o  id  |  piii  '  h   '  >n<  irrentl  totl    rtoj    !«i    nbotl 
vertical  and  hori  ml  lidi  ei  I  on;  ( i  n  >ui1  th  bui  ling 
f ,  d  f<  i  t     ile  !    quires  t  ii  - 


Handrails 

•  Handi  HI    i    equ     ion  both     .     fth     tair.  The 

Hiding     I    Hows  exception    or  si  n'n   n  in  ii'  idu  il 

dwelling  units, 

-~»  34" t  ■'  '  V  w      '»>  '  |h  ;  |M  il        hi  f«  dingedg    •' 
the  stair  treads  or  nosings, 

.    j  in  ||  « i  ;       |    ni  >u    ,!,':'   tin       iptionbya 

newel  post  or  other  obstruction. 

-  H  indi  ils  si  tend  at  i       I    (5f  '       ,■  'tid  the  top 

risei  ind   I     istl    (505)  pli     in    i    d    dthb  yondthe 
bottom  riser,  Th    rid    hould    i     i    i    >th    to  se  ill  or 
walking  surface,  or  continue  t<    h  hand    ii  of  an  idj  icenl 
stair  flight, 

'  See  then?  tpag    oi  ietailedh  indt  liln  quirernents. 

Treads,  Risers,  and  losings 

•  A  minimum  F  three  risi     i     flight  is  recon  ne  ndedto 

:  I   iii"  ingandmayberequi      by  th*  buil.     icodi 

•  Seethf  u.   I  "     i,1  i     liled  tn  d  ris<  r,  and  nosing 
requiremi  ni 

•  ?ee  9,03 fori     • '     :  i:  ei  '   -  ortions. 


ADA  Accessibility  Guidelines 
Accessible  stairs  should  also  serve  as  a  means  of 
egress  during  an  emergency,  or  lead  to  an  accessible 
area  of  refuge  where  people  who  are  unable  to  use 
stairs  may  remain  temporarily  in  safety  to  await 
assistance  during  an  emergency  evacuation. 


Handrails 

-  Handrails  should  be  free  of  sharp  or  abrasive 
elements  and  have  a  circular  cross  section 
with  an  outside  diameter  of  frVe"  (52) 
minimum  and  T  (51)  maximum;  other  shapes 
are  allowable  if  they  provide  equivalent 
graspahilityand  have  a  maximum 
cross-sectional  dimension  of  2-74"  (57), 

-  Pi?!'  (50)  minimum  clearance  between 
handrail  and  wall 


lisers  and  Treads 

*  Tread  depth;  11"  (250)  minimum 

*  Riser  height:  4"  (100)  minimum: 

*  Uniform  riser  and  tread  dimensi 

*  Open  risers  are  not  permitted. 


iYdO) 


maximum 


-  1  -:/z"  (55)  maximum  protrusion 

-  Vx"  (13)  maximum  radius 

-*  Risers  should  be  sloped  or  the  undersides 
of  the  nosings  should  have  a  60°  angle 
minimum  from  the  horizontal 


lomps 

Ramps  provide  smooth  transitions  between  the  floor 
levels  of  a  building,  To  have  comfortable  low  slopes, 
they  require  relatively  long  runs.  They  are  typically 
used  to  accommodate  a  change  in  level  along  an 
accessible  route  or  to  provide  access  for  wheeled 
equipment.  Short,  straight  ramps  act  as  beams  and 
may  be  constructed  as  wood,  steel  or  concrete  floor 
systems,  Long  or  curvilinear  ramps  are  usually  of 
steel  or  reinforced  concrete. 


1:12  maximum  slope   - 

30"  (760)  maximum  rise 
between  landings 


^  56"  (915)  minimum  clear  width  between 
curbs  or  guardrails 

-  Ramp  surface  should  be  stable,  firm,  and 
slip-resistant 

-  Curbs,  guardrails,  or  walls  are  required  to 
prevent  people  from  slipping  off  of  the  ramp: 
4"  (100)  minimum  curb  or  barrier  height 

Landings 

--•  Romps  should  have  level  landings  at  each 
end  with  a  6Cf  (1525)  minimum  length, 

9  Landing  should  be  as  wide  as  the  widest 
ramp  leading  to  it. 

•  &f  x  60"  (1525  x  1525)  minimum  landing 
where  ramp  changes  direction 

Handrails 

-*  Ramps  having  a  rise  greater  than  6"  (150) 
or  a  run  greater  than  72"  (15550)  should  have 

,    handrails  along  both  sides, 

'»  Handrail  requirements  are  the  same  as  for 
stairways, 

-  Extend  handrails  at  least  125  (505) 
horizontally  beyond  the  top  and  bottom 
of  ramp  runs. 


M      M'Alb  PLANS 
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Straight-Run  Stair 

•  A  straight-run  stair  extends  from  one  level  to 
another  without  turns  or  winders. 

•«*  Building  codes  generally  limit  the  vertical  rise 
between  landings  to  12' (3660) 


i_ 
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•  A-  ;ai  way  may  be  a\  woa  hedoi  lej  -  D<  d 
either  axially  or  perpendiculai  !/  the  stair  run. 

Quarfei  [ui  *  Stai 

•  A  email  i  turn  oi      hapi  I  I  lii  makes  a 
right  in  (led  turn  in  th  patl  o\  ravi  I 

•  the  two  flights  com  ctedl ;  in  intervening 
landing  may  b(  equal  oi  ut  ;qual  depending  on 
the  desired  proportion  ol  tto  stairway  opening 


i 


i 




/"" 

1 

1 

/ 

} 

: 
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-  Landin  s thai  ir  b<  loi  n  •  i  ih  /<  ie^  I,  ■<.■ 
provide    place  1  > re:  torpausi  is  nviti  m 

Half-Turn  Stair 

•  A  half-turn  stair  turns  100°  or  through  two 
righl  angles  at  an  intern  ning  landing 

•  Ahaii  return  st  m  is  more  i  ompactthana 

ngl(  iti  ighl  run  I  li 

•  Fhetw '  flights  ci  t  nei  ted  by  thelandi  ig 
may]   equal  o   mequ <!  d  pi  n  lin  |  on  the 
desii  :dproportio  i  ><  th     tairw     ,/  ling 


Winding  Stair 

*  A  winding  stair  is  any  stairway  constructed 
with  winders,  as  a  circular  or  spiral  stair. 
Quarter-turn  and  half  turn  stairs  may 
also  use  winders  rather  than  a  landing  to 
conserve  space  when  changing  direction, 

•  Winders  can  be  hazardous  since  they  offer 
little  foothold  at  their  interior  corners, 
Building  codes  generally  restrict  the  use  of 
winders  to  private  stairs  within  individual 
dwelling  units. 


Winders  must  have  the 
required  tread  dimension 
at  a  point 

12"  (505)  in  from  the 
narrow  end  of  the  treads. 

6"  (150)  minimum  at  the 
narrow  end  of  the  treads 


Circular  Stair 

•  A  circular  stair,  as  its  name  implies,  has  a 
circular  plan  configuration.  Even  though  a 
circular  stair  is  constructed  with  winders, 
the  building  code  may  allow  its  use  as  part 
of  the  means  of  egress  from  a  building  if  its 
inner  radius  is  at  (east  twice  the  actual 
width  of  the  stairway. 


10"  (255)  minimum  at  the 
narrow  end  of  the  treads 


The  inside  radius  should 
be  at  least  twice  the  actual 
width  of  the  stair. 


Spiral  Stair 

•  A  spiral  stair  consists  of  wedge-shaped 
treads  winding  around  and  supported  by 
a  central  post. 

•  Spiral  stairs  occupy  a  minimum  amount 
of  floor  space,  but  building  codes  permit 
their  use  only  as  private  stairs  in  individual 
dwelling  units. 

•  See  9.12  for  typical  dimensions. 


7-V2"  (190)  minimum  tread 
dimension  at  a  point 
12"  (505)  in  from  the 

narrow  end  of  the  treads, 


x  9 J(z  (240)  maximum 
riser  height 

^  6'-6"  (1900)  minimum 

headroom  clearance 


)     Hi 


.08     WOOM  STAIRS 
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%  Soffit,  if  desii  :d 
•  Fireblocking  ""'" 


Carriage 
Spacer  - 


a    ood  stair  is  c(     Cructed  of  the  followin    I<  nei  r< 

-  Carriages  or  rough  \  ringei    in    hi  prin  ipal  inclined 
iv  im:   supporting  tl    treads  i  ndrisei     m  :  ghtoi 
stairs.  Tm  n  i  ?er  mc    pacing   *  rri  iges  required 
forastai  w    depend  on  thesp  mi  gi  ipabilityofthe 
tread  material. 

-  Stringet   an  th<    loping  fini  >h  m  nbei   running 

ili  ng  id    ,  -i  Si:  1  >e,agains1  whi  h the  riser:  ind 
treads  terminate. 


Tiff 


^====ss=. 

■ 

if-  •-- 

:;.         , 

> 

\s     ^ 

|:li 

(  images  iw  be  it1  sch(  I 
totheii ;  i  pp  ,  „i  '.it: 
header,  or  valifi  mine  with 
m  Dal  h  in  i>  •  o\  He.  jei 
Kick  plate  anchors  and 
ibsorbs  thi  thrust  of  an 
inclined  si  iri      iagi 

Finis!  wo   floo  i 

,  1;  /o   Itreads  md  ,  ■  n 

Full  stringer 

Rise 

Run 

See  9,03-9.05  for 

riser,  tread,  and  nosing 

requirements. 


I 

treadf 

7  for  car 

peting, 

•■  if 
;  if 

If; 
1 

lX_ 

„     ^ 

bread    ire  the  footways  1  iat  .pan  th  m'sl  me 

Sty  en  th;  su|  porting!  irria  \e 

Risei  .  it   tb<  vi  -  if  ilbi   i  Is  th  itclos  of!  the:  i  lii 

I  |(    mdhel  h  tal    th<  e<  n  mm?  ti  m  rigid  i  om< 

»1  lii    havf  in  ri  .  : 


I 


See  9,04-9,05  for 
handrail  requirement 

i  •    dh  ndi  ilbra  : 


Wall  framing 
Wall  finish'" 

Full  stringeri 


Cam  iges     

Spacers  ^--__ 

Blocking  as  required 
for  wall  finish  - ~ ~ 


losed-Riser  Stair  with  Full  Stringer 


CSi  MasferFormal  06  43  00  Wood  Stairs  and  Soilings 


•  Balustei     <    olfe  ;  to  carriage 


*  Treads  m  :'-,(    uppi  ted  either 
by  steel  arojles  let  into  the  tread s - 
orbyletti  )  thi  plan     ntoth 
i   rri  je1/  "(13)  mil  irrrn  i 


A  box  staii  has  i  hou;  d  string  on 
both  sides  «o  thai :  nay  be  more 
or  less  coi  plel  lyfini  hed  before 
being  set  in  fa   inal  location. 


13  iiust( 


Open  liser  Stair 


Open-riser  stairs  do  not  comply 
m    ADA  fccessibi!  <y  uideli  le .. 


Wood  riser  • 
Wi   d 


2x  or  5x  plank  treads 

1"  to  1-Vz"  (25  to  35)  overlap! 

teeh  n1  b    boil  d  to 
carriage     iflooi  structure 


7 


Hi  ■)■    I  stringer!  routed  to  receivi  th?  ene 
o  tn        in  f  risers  in    .<  \  sol  h  »u  ><*, 
•  /  ( ,,  -  n  i    /  to    :  in  i  ti  |h1  fii 


racs    ti  ng     o  r    >,:■  i 
a1  ai  it  ed  >ini 

Face  stringer  is  the  outer 
■•I  Ingeroi    stairca;    i  ,  ia^ 
be  ioi    d  tofi  rni   •  ui    •" 
open  with  it;  up]  n  T   ;u 
to  the  prof  id  i   Tie  treads 
and  risers, 


Filler  between 
balusters 
Shoe  rail 

Housed  stringer 

Tread 


-  Wedge 
■*  Blocking 

-  Carriage 

-  Wall  finish 

'  iu  id    ring    <5 


Handrail;  see  9.04- 
9,05  for  requirements, 
'  ill  s  be1  m  n 
balusters 

healuster;  lev  I  liled 
into  treads 

Housed  wall  ti  ngei 
Tread  ""^ 
Fro  d,,  turn 

\ 


Wedoe -.— 

C     sees  — 
:  i,  -  i,,If 

c   '      Wi  w 

Wail  finish 


Closed-User  Stair  with  Housed  Strinqer 


Open  Stringer  @  Roil 


i/JQ    CONCRETE  STAIRS 


Ed^e  of  stair  slab  may 
be  turned  up  to  form  a 
curb  or  solid  railing,  -^ 

See  9.04-9.05  for 
handrail  and  guardrail 
requirements,^ 


t- 


i>' 


Shear  key 
Steel  dowe 


A  concrete  stair  is  designed  as  an  inclined,  one-way 
reinforced  slab  with  steps  formed  on  its  upper 
surface.  If  the  stair  is  constructed  after  the  floor 
beam  or  wall  supports,  it  acts  as  a  simple  beam. 
If  it  is  cast  with  the  beam  or  slab  supports,  it  is 
designed  as  a  continuous  beam,  Concrete  stairs 
require  careful  analysis  of  load,  span,  and  support 
conditions;  consult  a  structural  engineer  for  final 
design  requirements. 


I-V2'1  (30)  minimum  §  concrete  walls;  4"  (100) 
minimum  §  masonry  walls 
Stair  slab  thickness;  rule  of  thumb;  span/26 
Span  is  equal  to  the  horizontal  distance  between 
the  slab  supports. 


9 


Q 


Post  supports  for  handrail  — 

Escutcheon  — — - __ 

Cast~in~p!ace  sleeve  —  ~._ 

Posts  or  balusters 

bracket  anchored  to  concrete 


Nosing  bars  .-— ~_ 

V211  (15)  radius  maximum 
3/4H  (19)  radius  typical- 


'  1-  72"  (55)  maximum  nosin 

•  V?"  (15)  maximum  radius  - 

#  60°  minimum  — -"-*     


Handrail  supports  may  be  anchored  to  the  top 
of  the  stair  slab  or  low  wall,  or  to  the  edge  of  the 
stair  slab. 


See  9.05-9,05  for 
riser,  tread,  and  nosing 
requirements. 


Cast  metal  nosing  w/abrasive  finish 


Rule  of  thumb  for  slab  thickness;  span/26 


Metal,  rubber  or  vinyl  tread  w/grooved  surface 


^  Horizontal  bars  extend  into  side  wall 
-—  Steel  reinforcement  as  required 

•— *  Beam  support 

Longitudinal  Section 


Stone  tread  w/abrasive  strips 


Stairs  require  slip-resistant  nosings  and  treads. 


CSI  AAasterFormat  03  30  00  Cast-in-ploce  Concrete 
C5I  AAasterFormat  03  11  23  Permanent  Stair  Forming 


>tael  stairs  are  analogous  in  form  to  wood  stairs. 

Steel  channel  sections  serve  as  carriages  and  stringers. 

i  *     :      |        ;  i        i    i      ^eenthestri     n    

In     smayci      -tofconcrel      Wed  steel  \ 

,    •  i  ;    ,  :-    pi       with        .,  ,  '  i  ■;  surface, 

Pre-mnoririeered  and  prefabricated  steef  stairs  are  available, 


beam  support 


Steel  channel  may  rest 
on  a  bearing  plate  on 
masonry,  or  be  hung  on 
i    ,    I  d\  at  from    i 
!  t     trui    n  ibove,  . 


Shop-fabrii  il        n ;  a  of  metal  pip* 
1J/4"(52)o 

See  9,0  i         >  for  I  lilding  code 
reeeuiii  n  < ,.!    md  AD/  icce:   i  ill 
ui  I,  lin      t hand     sa  a  u    li  i 

Fi  It  weld  - - . 

1  li  -  ina:I     ,i   I   r  boh  s  secures 
eachstrin  ji    «.    ''    F!<       I  u<  ih''e,  _ 


Steel  channel  stringer 

','       «       ill    ,    •      ;    ,  i 

treads 

,  elpanl  idii    in  h 
concrete  fill 
Steel  tube  or  channel  support 


St    I  pan  to    '  i  w/  2"  (51) 

rain  lum  cones  s  fill 
Fori  i  of  p  i    !     <;  consult 
manufacturer, 

1J/4"x1J/4!!xVs" 

(32x52     i     \k  supports 
Steel  channel  stringer; 
i     [  55)  i  linii  ii  m 
Gypsum  board  or  metal  lath 
;  dpla    i     offil    uppi 
onfurrin    han    - 

osed  lisers 


,'. .  .'•  i   \Vci    \    - - - 

Nosi  ig  ma  consi    o\     •  ■•!-  .  d 
plate,  closel    paced  I     -        iang 
with  an  abrasive  strip, 

Wood  and  precast  concrete  treads 
are  also  a-,  i  I 


i? 


-  Steel  p        '<  <!'  retefill 

welded  to  channel  stringer 

-  d  t  pi  It  '•<  i 

textured  top  surfaces 

•  Open-riser  stairs  do  not 

comply  with  ADA  accessibility 
guidelines. 

Open  lisers 


CSI     i        rmi  .        •  .      .: 


12    [iVhih,  .T-il;  : 


H 
"1 

;    | 

T  I 


2(    (6<  -I  i  nini  i  iirn  I  if '  idtl 
i  !'«■«  i  diarm  U      in     f<  i  an ! 
easiei  to  climb  and  d  -  .cend, 
90°  landing  platform  may  be 
i  quan  red  ingl<    >i  qu  irl  n 
Midc.  ^ _______ 

IIk  i   |ui   dh    a     m    !»   i 
b(  ichi  /(  !  within  dofacin  h 


The  center  pot  m  ly  terminal 
at  a  rail  or  continue  up  to  ceiling 
structure. 


-  42"  (1065) 


loor  level 


9- If  (240)  maximum 
riser  height 

i !  ',••     lepend     n  tread 
ingli    .. I :  "    tsmfioorh  igl  I 
&Sn  (1950)  minimum 
•     I   om  I  irat  ce 

^ioodot  rrii    ilpi  ■■  hat  Irail 
13a  lusters 

Base  plait  '  • ii  b<  iron  finish 
fi  0!  o    n  Flo  ;     rui  tun  I    ow 

FIooi  if  flo '.  '< !  j hi 


/*" 

^ 

/ 

\          '^ 

f 
/"     ! 

i,     ^ 

•~~*~—-T| 

i          .     ' 

Variou )  connections  ire 
\  iil,  bli  to,  in  hot  the  platform 
to  the  floor  structure. 

R    i  ri0i  larlai  lim  al  tforn 
is  >ei  ured  to  ;  perl  ooi    is  ng 
one  edge. 

Stair  rises  to  ant  sh  ped 
openiue  nd  i  secui  d  directly 
tothetipp*  i  !,  .-I  structure; 
no  pi  itformi:    uppl  ed 

Square  platform  is  fastened 
to  Hit  upp  rflooi  ii     h 
,  ija.  f  tit  sides, 

Quad  .\   in  ul;  rpla  form 
is  installed  in  a  circular  floor 
opening. 

air  Connections 


Plan  one!  Elevation 


Treads 


7-'/?."  (19(  |n  .'  i  un  i1    pi  i  ii 
12  (5(   >)        .  i  lir  n  irrow 

'l    ;  I  I     .. 

Steel  or  aluminum  treads  may 
beacheckei    '•     brasiv 
.  oatedpl  iti  .'); a  iting.ora 
concrete- or  terraz  o  filled  pan. 
Woodtrea  Isreqi  ire  a  steel 
« ub:  tructun    lh  tread  .may 
be  a  hardwood  oi  ofpiywo;  1  < 
a  carpeted  finish. 


Represe  lativi    izei    nd  Dii  i  isions  »fSp  al   fairs 
Iread  (imjle    No.  oi  fiends  Risor  lickjiil  Headroom 

in  360° __ 

22}l?°  16  T()dO)  7-0"  (2135) 

27°  15  7-7?."  to  3"  (190  to  205)        6'-9"  (2055) 

30°  12  c3J/dto9J/2,!(215to240)      6L9"  (2055) 


(  insult  m  ni  I    tun  r    itei  itun  t<  /  i    th   n  dii    n  ion  i  guid  lin 


'4:!!-- 

Diameter 


Opening 


Landing         Width  Center  Pole/ 

Size        Pole  to  Roil    Base  Piute  Diameter 


60"  (1525) 

64"  (1625) 

323  (615) 

26"  (660) 

'  ; 

64"  (1625) 

65"  (1725) 

34"  (co65) 

25"  (710) 

4712"  (100/505) 

72"  (1530) 

76"  (1930) 

55"  (965) 

32"  (015) 

4712"  (100/505) 

76"  (1930) 

50"  (2050) 

40"  (1015) 

34"  (365) 

4712"  (100/505) 

0303"  (22.35) 

92"  (2335) 

46"  (1170) 

40"  (1015) 

6712"  (150/305) 

96"  (2440) 

100"  (2540) 

50"  (1270) 

44"  (1115) 

6712"  (150/305) 

CS1  MosterFornnot  05  71  13  Fobricoted  Metol  Spiral  Stairs 


i    isedprim    '      industrial 
constru'  tionandinutili      id  service  '.rem. 
They  ma  -  rivate  residential 

constructio  i  »h   e  >\  •  ■    extren  :ly1 .,', 
and  traffic  is  minimal. 

Hi    li  i  m    on  hi  p  s  r  illus  rate  I  id<  i  r: 
mill  ,'h    m  I  ,    impon  s'     fhi  Wdei  orm 
,   >,  •    ransl    din  01  ;<**.<>•   tru  ti  m 

Safety  con  i     ation  include; 

•  Proper  riser  height 

°  /     '-       toe  space 

•  Ade  ;u,  I,-,  support  for  jtririi  <  md  railings 

•  Slip  ir        nt  tread 


1-'/4  (5Z)       ;_ 

all 
ti  i  tun   v  return 
I     trin  |ei  i1 
6"  (150)  to  doorway  , 

3"  to  6"  (75  to  150) 


% 


10J/2!lto12" 
(2i   i  to  505) 

rise 


H         r    onv  niei     o 
access  ladder  from  the  side 
rati  rth  nth  >i  jh  ti 
hand  bars, 

2L0"  (010) 
mini  mm  i  ;  I  \ 


!    p  »orl  mgk    @10L0" 
(5050)  o.c,  maximum 
V-6"  (455)  minimum 

Run^s  may  be  3/4"  (19) 

round  bar  oi  "(1  )o  '  < 
Stringer:  may  be  i  h  nnels 
i    li   »o  ,'  1    ir  , 


•  60°  to  75 
Ship's  Ladder 


3'-0"  (915)  high 

hand  bars  — 


12"to13J/2"o.c. 

(305  to  545) 

7"  (ISO)  minimum 


\  ^  Steel  channel  stringer 

^  Chi  ckered  steel  plal 

\  orbai  >]'.  iti  .. 

x  Angle  bi  ri  ;t: 


orm    i    ulr  i  ■ 
.  I,  ;   opol  p  ii  ip  ; 

Bar  grating 

or  3/4"  (19)  round  bars 

@3'-0"  (915)  o.c. 


floor  struct 


12"  (505) +A  to 
first  rung 


Vertical  Ladders 


CSI  M     jrFormatO!     I       -  ;  I  Lad 


1 1  PfA'l^l 


A  penthouse  hou  >es  the  hoisting 

machinery  on  111,  wi  i  abi  ilding  - 

A  control  panel  contains  switches, 
buttons,  and  other  equipment  for 

regulating  thi  h  )i  Tfng    ichinery — 

Thehoislie,  m  i<  hin  i  /  for  raising 
and  lowering  ini  levator  car  consists 
of  a  motor  gem  i  itor  set,  traction 
ma<  hine,!  pet  I  gov  ,r,'i  bi  ike,  driving 

sue  •;•',    in  hi. ,  I"-,  if  used,  •-•■■ ~"~ " 

He  i  v  s.  :i"  ti  hirii  ! .  imsi  up]  >r1 
the  hoistin  jm  ichinet  '  for  on  elevator. 
Driving  sheave  is  the  hoisting  pulley. — 
I  \\t  sheaw    gh1  n  >andgui  le:  thf 
hoisting  i  sbl   -of the. !  -ato    -    tern 


Landing!  >tk  portioi  of  a  floor 
adjacenl  I     nel   atoi  hoistway, 
used  h  -•   h  rei  eivin ,  inddi  - h  irgi 
of  passengers  or  freight.  - — - 

Elevator  oar  sal  !        m  i  hanica! 
device  b\  •  \o\  ingdown;    ;  ,  >|  - !.; 
anelevatoi     i s !  th    venl    I 
excessive  speed  or  free  fall  actuated 
by  a  govern  n   ndcl   n  in*  this  guide 
rails  by  a  wedging  action.  ■  ■ ~ 

Hoistway  dot  r  bi    veenahoi  A  way  and 
anelevatot  I  indii  -1    n  >rm  illy*  losed 
except whi  n anelevatoi    iri     topped 
at  the  landing;  7L(f  and  S'-O"  (2155 
and  2440)  heights  irel  /pical.     — 

buffer i  »th  pi     not   pring 
device  th  i1  ib;  orb  thi  mj  • 
ofade «(  n  ling  I*    itot  c  n  or 
..  unterwi  i  |h1  at  the?  tn  m 
lower  I im    >fti    el 


b'd 

^S^^^^^x^Si.'^^lis^S 

^^^^--^ilJi-Ii. 

I   ! 


rV\  A 


i: 

acsf 


Elevators  travel  vertically  to  carry  pa;  -engf  s, 
equipment,  and  freight  from  one  level  of  a  building  to 
,  m  th     fh     v<  riosta  nmon  type:  ireelet  ti  i 
!   ati  i    in  ihy  it  lulic  levati  rs 

Electric  Elevators 

Electric  elevators  consist  of  a  car  that  is  mounted 
on  guide  rails,  suppot  edbyhoi  tingi  ibies;and 
driven  by  electric  hoisting  mat  hiner  /in  i  penthouse. 
Geared  tra<  tion  elevators  «i   <  ipabh  of:  p<  dsupto 


550 fpm (1.75m/  )  mdan    ui1  ibli  fo  medium-rise 

buildings  G<  irlesi  tractioni  if <  iter:  are  available 
with  speeds  up  to  12(  Ofpn  «  ml  )  in.  tyj  ii  -I ; 
!  er    lit  Is  ■      buildii  | 

-  16'-0"  to  20'-0"  (4S75  to  6095) 

^  Top  floor 

^  Hoisting!  tble  is  one  of  1      virei  a  t  -or  ropes 
used  foi  i  <!  -ini   mdlowi  ing  i  -  levator  car. 

-  Hoistw  yi  th<  v  rtii  il    iclc  i  I:  pace  for  the 

ravel     .  lot     levators 


Traveling  cable  is  one  of  the  electric  cables 
connecting       \&     n       u     Fix*  1  electrical 
outlet  in  the  hoistway. 

GssiVif  rail:    n  thi  'ertii  tl  teelti  cl  .controlling 
the  travel  o\   is  \e\  rti      in   counti  weight:  they 
ai     ecured  a    n  hi  )o\  /ith  uppi  rt brackets, 
Counters  ighl    in  rei  I  ngulars  ist  iron  blocks 
mounted  in  a  steel  ram  toi  >un1  rbal  rice  the  load 
placed  on  tl       isting  machine  I     nel  vatoi  car, 

A  limit  as,    h, '    >m  itii  illy  u     >ff<  intent  to  an 
electric  motor  when  an  elevator  car  has  passed  a 
given  point. 


Elevator  pi1  is  hi  portion  of  the 
shaft  that  extends  from  the  level 
ofthelowi  I  i  mdirigtothi  floor 
of  the  hoistway. 


«  ,  i    r  travel  is  the  vertical  distan     traversed 
by  an  elevator  car  from  the  lowest  t«    hi  high  ■  I 
i  mding  '0\  thi  hi  istwa\ 

Bottom  floor 

5LOl,to11L6"(1525to3505) 


CSl  MosterFoimar  1 4  20  00  Elevators 


Hydraulic  levatoi   consisl    facai   u  'ported  by  a 
piston  that  is  mi     '         noves  against  a  fiui.   in< 
pressure.  A  pen  I  ou  si;  no1    qu    -       rthehydrauli 
i<  'atoi  slow     pe    and]      in  length  linii  itsuseto 
js  up  to  six  stories  in  height 


Guide  rail  - 


Hoi  tway  of  fires    istivecon    ru*  Hon  must 
extend  t(  tk  und<  :  id<  >  i  ifin  resis  iveroof.or 
at  least  5'  (915)  above  3  non  Fire-re  iistive  roof,  - 


Hydraulic  piston  —.__„_ „._ _„ 

Machine  room  housi    thi  hoisting  machinery, 

con!  -oh  ui  mienrl    nd  m<  w    (  r    iii  n ,  and 
I  ,'i\uH]  M  '  jvatt  '    relocation     in    n 
thi  botl  vi  inding     >i  ferr  ! 


L 

iii                 1 

-           1 

3i                            1 
1   /       •                   1 

1              ■:•■■       ^  ■                i 
|       |        1          J               1 

Varies  with  (    -hei,       nd 
allow  12'  to  16!  (5660  to  4675) 

Top  floor 


Elevator  pit-  —__ 


Piston  cylinder  well;  ~ — —— _ ______ 

pthequ  (s  rise  or  travel  +  4'  to  7  (1  20to  1/  i) 

fhesedim  •  -t.i  (guideline:  ,  1  forpreliminai  < 
plam  in^only,  Coi  ■  jI  hi  «  !  itoi  m  1  ui  icturei 
foi  y  cifi  wzes,(  pai  iti  •  n  dim  i  .1  >n;  1  < 
structural'  upporl  requirements. 


Rated  bod, 

Elevator  Car  Dimensions 

Lb.  (kg) 

A 

B 

2000(907) 

6'-O"(103O) 

547(1525) 

2500(1135) 

7-0" (21 

5^0"  (1525) 

3000(1360) 

7-o"(2i_  ; 

5'-6n(1«  ! 

3500(1561  1 

7-0"  (2155) 

6'-2tf(1&6( 

4000(1615) 

5,-6,,(17^  i) 

6'e9'  (21    5) 

Vertical  travel;  70L0" 
(21 111)  maximum 


ij 


-  E3<  ttomfl  )oi 


Varies  from  4 f  to  & 
(1525  to  1630) 


3"to1,-6"  (75  to  455) 

depi  ndi  igonel  vator  operation 

5"  (125) 


y  6"  (205) 

^  Alio         •"    for  b    1 

support  amide  rails  @  each  floor 


3,-o,3,-6.4,-o" 

(910:0. 


Elevator  Car  Dimensions 


liw    miMPdim 


1.5  x  car  depth  or 
10' (3050)  minimum 


1,75  x  car  depth 


2 x car  depth  or 
12' (5    ,!    minimum 
Eight  cars  per 

row  maximum 


F ' 

!'     " 

:            1 

Elevator  layout 

The  type,  size,  numbs  '   pt  d,  nd  in  mg  m  ntofeleva  on 

are  determined  by: 

•  Type  of  occupancy 

•  Afflounl  ind  temj  >o  ti  I  i  to  be  carried 

•  Total  vertical  distance  of  travel 

•  Round  tri)  tim<  an ,  h  eddesi  "I 


Banks  or  rows  of  elevators  in  a  high-rise  building  are 
controlled  by  a  common  operating         ii  and  respond 
to  a  single  call  button, 


I l  mtoi      \  i ! !'.  (t  i  -.  I1  i.    it  d  i<  ii  Ik  t  lit    nt  mi  e 
to  a  building  and  la  <    »ily  iccessible  on  all  floors,  but  also  be 
placed  off  o\  si-  <s  -  ncin  il  us.  i  >ath 
Twoormon  hoi  ctway:    re  required  foi  « mi  or  mi  a  elevators, 

Consult'!  ,  i  ■[  manuf    turei  For n  comn  n  l«  ! type. size, 
layoi  I  eonl  ols,  mdin  a  is, a  mreq  iirem  nt:  and  del  ii 
Consult  Mi  1  uildingco*  eforsl  la  turah  :q  ii  mentsand 
•hal  way  i    ,  lirerrn  -    o  fir   »epa     r  n  ventilati  in  \  id 
soundproofing. 


ADA  Accessibility  Guidelines 

-*  Visible  in !  .i  dil       llsig    I:   »rl  ml  rn «  hoi  Idbecente  ed  i1 

least  •'.'  i  •         bovi        lot         soli  hois     lyenti  mceand 

bevismb  i    m  theadja     ii  flooi  in  i. 

-  Raised  cha       t      idi     file  floor  d    ignatioi     houldb 
provided  on  both  jaml  tor  hoi:    •  •         i&     indbe 
centered  at  '>o  (t  25)  il  ove  the  floor, 

j  Call  buttons  for  reqm   ting  an  elevator  houid  be  centered 
42"  (1065)  ibovi  Ik  flo  ■.  ineai  net  vatoi  lobby, 

-  I  Ii    it<   d\  >r    h  oiidb  ;  i  *  ided  "«  i  maul  •■  i  rfT  reopei  ing 
device  if  il-  dooi  bem  mi  .<  b  me.  i.  *i!  y  in  )bjed  oi  p«  r;  on 


65"  (1725)  minimum 
width  foi  i  irs  with 

side  opening  doors;  — 
e)0"  (2050)  minimum 
for  cars  with  center 
opening  doors 
51"  (1295)  minimum 

clear  car  depth ... _. 

56"  (915)  minimum 
ciear  doorway  opening  „_ 


Elevator  cars  houldl     izedtoalka   vheelchair  users  to  enter 
he  s  .]   n  mi  iiVi  i  within  i   i  hoi .  onti  >l    ind    h  from  th<  -  n 
Control  button    houldb*   ;  ''  (1  >)inth<  ninimum  limension 
be  arranged  with  numb  i    in  a    ending  order,  with*  tans  of 
numbers  reading  n  ml<  It  torighl 
Floor  buttons  should !  <  l<  cated  i1  I<  a  >t3i "  (&  !f >)  above  the 
flooi  and.'  nohigherth  in  [&"(]',  2i  )  foi  fronl  ipproa<  hand 
54"  (1370)  T  i  pa  allel  approach. 
;  iised  mdfirailli  design  tions;  i  ml  lb  p!  c<  i  mm   liatehy 
to  the  left  of  the  butl  >nti    hii  i  "the  <     ign  itions  apply, 
Audible  ind  visible  c       )sitionind    ito      k  ■mis  pro  ided  in 
each  elevator  car, 


ilators  are  pow>      riven  stairw        >n: i  tin*  >.  • '.  p    11    chei    < 
a  i1  n   >u     i  in  ila    f§b  H  ,,,  ,    nm  v  a    r§ei  ui  ibei  o    >  ■  ,■'< 
effii '  n  i  -     !    cnfori  bl^ ,  Im  n   iii  li  ...   lumi  i  <  I  lloo  >-,  ixfb    - 
areaprr  if     imitBei  ms  •  n   I  itor:  • !  »v  a      o  , <\  nl  speed, 
there  is  pr  ( tit  |[ym  ><  itingpi  iod,  ut  there    iouI  lb     leqi  31 
[Ui  i  \q  \mt   ai  lachlo  dii  g;  i  Idisc h  rgepoin    Escalatoi     nay  not 
b  i  -  [uii      ii   exits 


7-6"  (2255) 


2"  (51)  ron  truss 
to  edge  of  beam  — 

Nominal  widths: 
32",  40",  45" 
(315.1015,1220) 

Step  widths: 
24,52,40" 
(610, 515, 1015) 

3'-0"  (915) 


^5"  (1120)  _Jt 
Dock  widths: 
(1220,1420, 1625) 


.752  x  rise 


,  loving  Me  ",'  /  "i   powei   Irivem  -  n  :im  susly 
moving  surfac      .imilai  to  iconv  yoi  belt,  used  for 
«  /in  ip  di   trial    iori      ,  II  o   don  Or  incli 


7-6"  (2235) 

minimum  i      rot  n 


•  3'-0"(2440)       , 

•                         — *-j 

J      .  2"  (51)—  -j 

i                    ■■'/ 
^J——        -  J 

-^            ^  I  seal  I  n    .-(|i  ii 

support  e  I  bo  h<  vv 

Pj6e  ^--^----~-~ 

intermediate  supports 

may  be  required  when  the 

riseexc   ds13  (543  ') 

d~r  (965) 

•  These  dimensional 

243"  (315) 

guidelines  are  for 

pr  bu  >     plai  nin ,    fy 

%    usssu|  ports  the 

Consult  the  escalator 

escalator  and  provides 

manufacturer  for 

;..  cef( ''"!  'iii- .    san 

s)  ;cifk    i  '.s,t  e  i  iti< 

mechanical  equipment 

and  dimensional  and 

tru  Imral  u|  poi 

req  liremei  1 

"•  Nomina!  widths: 
52S40.4511 
(515,1015,1220) 

-  Widths  of  walk: 
24",  52",  40" 
(610,515,1015) 


Deck  widths: 
(1520,1420,1625) 


!4)"(915) 


i%  intern  d        upporl 

ruin    >  ,  •  pai 
^  U  ptl    1 3up|   i  'i  ; 
truss:  3'   i"(1       • 


i6  fliii    n   6    tdi  ifl  md cat  t  ■ 
offthx  smoke  an !,; <  ••    ol    fin  to 

the  outside, 

rh<  >m 6    hamb<   conned    tl 

throat  of  a  fireplace  to  the  flue  of 

a  chimney, 

Thesmoh  shi  H  r!  tl-  let!  em  of  a 


.id".'  « hai  ib(  d  flex  i   ct  'i  ;i  ifl : 
fi vm  th<  ■  himni ; 
Thethroal  istto  n  irrow  opening 
b<  t  /ei  n  i  fin  box  md  thi  >m  ki 

1 1  rubra  .  <rt>  fil  i  d<  1th  id  irnpet 
that  regulates  the  draft  in  a 
fii    ,i  i 


A  fireplace  is  a  framr  op  ning  in  a  chimney 
to  hold  an  open  fire.  It  must  be  designed  and 
constructed  to: 

•  Sustain  the  combustion  of  fuel; 

•  Di  iwproj  erlytocar  ysmoki    nd  >ther 
combustive  by-products  to  the  outside; 

•  P  idiats  I     n  ixi  n  it  i  m  urn  of  heat 
comfortably  into  the  room; 

9  Ensun  propei  list  in<  •  ■   rot  tcoml  u  neihl 
materials, 

fhi  >thi  di  nei   i<  n    in<  proportions  of  a 
fireplace  and  its  flue  and  thi  irrat  tjernent  of 
itscompom  nts.an  ;ul  jectto  Ik  laws  of 
natun  and  h    equit    ii  n1     !  th<  building 
ndi     h  inii  id  oet  •   Fh<  I  il  I  b  lot  pi  ,! ' '.  • 
typit  il  limensiori  iforthre*  typ<  si  1 1  ,-6  tci 


-     s 


Open  Front 


It  0  mil 


Open  Front  and  Side 


Thefirebo  if  thi  i  hambei  where 
combu  4ioi  tak<  »pl  ic< 
The  hearths    end   tl    floor  of  a 
is  pi      wi  ii  .i.t  i  ombi   ti 
1 1  t  ri  il  «u  h  i  'brio!  I  Ii    »t   tori) 


Typical  Fireplace  Dimensions  in  Inches  (mm) 
WndtMA)    Hejghj  (8     DepS  ! 

Open  front 

30(915)     29(755)     20(510)     23(560) 

42(1065)   32(615)     20(510)     29(735) 


e  Size 


14(355)     23(560)    44(1120)    12x12(305x305) 
16(405)     24(010)     50(1270)    16x16(405x405) 


40(1220)  32(615)  20(510)  33(540)  16(405)  24(610)  56(1420)  16x16(405x405) 

54(1570)  57(940)  20(510)  57(940)  16(405)  29(755)  65(1725)  16x16(405x405) 

60(1525)  40(1015)  22(560)  42(1065)  16(455)  30(760)  72(1650)  16x20(405x510) 

72(1630)  40(1015)  22(560)  54(1370)  16(455)  30(760)  64(2135)  20x20(510x510) 


Open  Front  and  Side 

26(710)     24(610)  16(405) 

52(615)     26(710)  16(455) 

56(915)     50(760)  20(510) 

46(1220)   32(615)  22(559) 


Multrfaced  fireplaces  are 
especially  sensitive  to  drafts  in 
a  room;  avoi  *  ■   i<  t    !h     o\    lii  i- 
<  o  iite  in  Kti  rii  t  v  or 


r  |2(505  305) 
12x16(505x405) 
12x16(305x405) 
16x16(405x405) 


Open  Front  and  Back 

Types  of  fireplaces 


Open  front  and  Back 

26(710)      24(610)  16(405) 

32(615)     28(710)  16(405) 

36(915)     30(760)  17(430) 

46(1220)   32(615)  19(465) 


12x12(305x505) 
12x16(505x405) 
12x16(305x405) 
16x16(405x405) 


CS1  MasterFormat  04  57  00  Masonry  Fireplaces 


dn  (205)  minimum 


Fireplace  Plan 


Flue  should  be  centered 
over  firebox  to  avoid 

uneven  drafting. 

Allow  for  expansion 

at  damper  ends,  — ^  / 
ft"  (205)  minimum  /" 
to  any  combustible 
materia  k. 


&"  (205)  minimum 
V-4"  (405)  minimum 
t-6"  (455)  minimum 

Hearth  of  brick, 
concrete,  or  stone 


// 

.if.. 


\\ 


— — iC? 


S    *'/  — 


Fireplace  Elevation 


*  Fortyp 
dimens: 
on  prev 


cat  fireplace 
ons,  see  table 
ous  page. 


J 


4"  (100)  minimum  to 
wood  framing 

Noncombustible  firestopping 
§  mod  floor  joists 
2"  (51)  minimum  to 
wood  framing 

f  (25)  space  filled  w/ 
noticofflbustible  insulation 
4"  (100)  firebrick 

4"  (100)  minimum  

Fireclay  flue  lining  -•—___„. 
Sides  of  flue  and  smoke 
chamber  should  be  smooth  to 
minimize  drag  effect  on  the 
rising  current  of  warm  air.  -~ 

Provide  structural 

support  for  flue  lining.  ^—_. 

Smoke  chamber;  parged  ..__ 

Smoke  shelf  —  ~— ^._,.,_ 
Damper  regulates 
draw  of  fireplace.  — -  ~--^ 
Throat  passes  smoke  into 
smoke  chamber.^ 


Fireplace  Section 


Reinforced  concrete  slab  --•"' 

Ashpit  and  outside  air  intake 

Foundations  for  masonry 
fireplaces  and  chimneys 
should  be  large  enough  that 
the  resulting  unit  load  on  the 
supporting  soii  is  equal  under 
all  parts  of  the  structure. 


i  1 


"^fli 

-  ■- 

" 

1/ 

xx 

Steel  a ng le  I intels  ~^...^            ^'\ 
I3ack  and  sides  splayed  to  ^-^.  _ 
rad iate  and  reflect  heat             """^ 
forward— ~_ 

vl  iff         €f    \          \, 

1 

Firebox  of  firebrick .__ 

Hearth  of  brick,  concrete,   " -- _,_ 

or  stone  — -^ 

"Tf^^                T;/v[ 

J      :. 

MK>»W:;    .VMV. 


>'-0"(    '  I min     11 1  il  >'(  tl rt  ( -<r 

To  ensure  proper  draft  chimney 
houl !    tend  at  lea  .1  2!(61( ) 
ibo  f  im  }  i  of th  building  i1  i  n 
10'  (3050)  of  it;  consult  building 
oc\     "  l  I  iile<      p   merit 


Chimney  Hood 


'  >!  |  mini  i  u !;    ii , 
-  Kpo  ed  to  weathi  i 
Cricket  flashing 

t  i    ■  nurn  if:     i  i 
u  onryi  himneys:  I  in  6 
11  (Ii    i  linimu 
Fire  clay  flu  linei 


,   I)  min  iui  '  '    ■  ■■  m 

an bu sti bio  construction; 
oviolc  fin        pi  no 
!  m  eyan      odfra  ni « 

zoo .     furna       quii      i 
vn  separate  flue. 


|  i !  i  ing    in     no  »th    ui       dunfl     , 
he,    resistan  fin    !        lighl   .  ighl  •      i  i 


,  e     ng  la  flui 
Size    -  ui  ii    ■ 


Modular  flues 

'  ize     ictua  i      '!    >) 


Round  flues 
Siw  =  ui'  i  •    » 


Typical  Flue  Dimensions  and  Areas 


Stone  or  precast  concrete  cap 

Reinforced  cem  n1  v     h 
drain  rainwater 
V'v  l>  betwi  n  dja  -  n1  Iui  - 
to  prevent  downdraft 

4  lahi  i  5  pcminz)  rm  alette 
1-74  x  flue  width. 


4"  (100)  offset  to  pi  ""i    lowi  di  fi 
from  one  flue  to  the  next 
Flue  lining     md   fi  •  ■    urrouridinoj 
ma  onr  lining  >beuldl  m  <  I  •  <  fitting 
joints  and  b  l<  i    mio  th  on  the  inside, 
4" (100) minimum;'''  205) minimum 
when  expo  edto   (terioi 

u  ul1  ''■,l  lin  •  'i  si',  chonii   Icodi 
forchimn     equin       I    f  high  heat 
i  »pli  n        !.  i  ■  ,    nerators, 

In  certain  seismic  zones,  masonry 
chimney  •■  - ui  •  reini  n  mo  and 
anchorag.  both    tructui  il  frame 
of   i'.i  !di :      insult  th  mil  lin , 


.    il  I  ui  iii  t 

5/ie"x1"(5   /    .   teel   a  p 
cast  at  least  1 2"  (5i  '  )  into « himney 
,    in  ndreint      meni 


Minimum  flue  Sizes 

•  Square  or  ret  angul  i    /    hoi  fi  :pl  ice  opening 

•I    md:Vi2th     firepla!    opt  ling 


Roun 

J 

Area 

Rectangulai 

Moduiai 

Diameter 

Size 

Area 

Size 

Area 

in.  (mm) 

sq.in.* 

in,  (mm) 

sq.in,* 

in.  (mm) 

sq.in.* 

5(205) 

47 

5^x5/5.(215x215) 

51 

5x12(205x505) 

57 

10(255) 

74 

5Vex  13  (215x550) 

79 

12x12(505x305) 

57 

12(505) 

105 

15x13(330x330) 

125 

12x16(505x405) 

120 

15(350) 

171 

13x15(330x455) 

165 

16x16(405x405) 

162 

15(455) 

240 

15x15(455x455) 

252 

16x20(405x510) 

205 

20(510) 

295 

20x20(510x510) 

279 

20x20(510x510) 

262 

One    rr<".  ml     6  5.16  mm2 


CSI  MasterFormat  04  51  00  Flue  Liner  Masonry 


burn  in 


ricien 


nenta!  Protection  Agency  (EPA)  for 


5IOI15. 


20"  (510) 
Riairi  cap 
Metal  collar 
Fabricated  metal 
chase  top 
2"  (51)  minimum 
flange 


15°  or  50°  offsets 


VI      y  Maintain  2"  (51) 


"1  h-- 


4  i. 


minimum  clearance 
from  combustible 
construction, 
Insulated  chimney 
sections 

Heated  air  return 

Noncombustibie 
flush  or  projected 

facing 

Screened  opening 
w/glass  doors 

Refractory  brick 
lining  y' 
Noncpiitiustible 
-h  earth 

Cool  room  air  intake; 
fan  optional 
Outside  combustion 
air  intake 


j 

15"  (45b)  minimum  ji 

on  loading  side  N     \ 

- —~,~~— « 

cJk^^JA 

••  Zero-clearance  models  have  insulated  shells  and 
may  be  installed  against  combustible  framing. 

•  Typical  widths;  56",  55",  46't  4d,!,  54" 
(915,965,1170,1220,1570) 

•  Typical  heights:  50",  525  56"  (760, 515, 915) 

•  Typical  depth:  24"  (610) 

Prefabricated  Fireplaces 


x«  Noncombustibie  hearth  of  brick,  slate, 
stone,  or  metal  plate 

•  Verify  installation  details  and  requirements 
with  stove  manufacturer  and  building  code. 


Wood  by  rtiing  Stoves 


Cable  or  rigid  guy  as  required 
to  stabilize  tali  chimneys 
Insulated  metal  chimney 
51  (915)  minimum  above  roof 
penetration  arid  at  least  2' 
(610)  above  any  part  of  the 
building  within  10'  (5050);  verity 
requirements  with  the  building 
code, 
Flashing  cone 

2"  (51)  minimum  clearance  from 
any  combustible  construction 


Firestop  spacer  at  each 

floor  or  ceiling 

16"  (455)  minimum  between 

uninsulated  metal  chimneys 

and  combustible  wall  or  ceiling 

surfaces 

6"  (150)  minimum 

56"  (915)  minimum 

56"  (915)  minimum;  may  be  15" 
(455)  if  wall  is  protected  by  a 
noncombustibie  heat  shield 
1"  (25)  clear  air  space 
insulating  support 

Outside  combustion  air  intake, 
Provide  adequate  ventilation  for 
combustion  if  fans  of  mechanical 
equipment  can  generate  negative 
pressure  in  the  fireplace  room. 
Provide  access  for  cleaning  flues 


CSI  MasterFormat  1 0  31 
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Manufactured  fireplaces 


>toves 


r     ^§       {#  I 


•  {v?lliCf:  sav^st?': 


;   ^                     ;'':"■;      :';          I 

[  '■::  j                          .         ■ 

-  '  A               X 

X    X'     X      X      x       x      X     V      " 

-—*  4'  (1220)  minimum 

! 

\               '  '          ,■'■,-," 

s 

Parallel  Walls 


:           "     \;        '     "f     "     ,          j[    -    =     ] 

.1  ! 

■      :■        i            i 

1      ! 

/'*■  .J     '      ■       • 
^  V    ■  ■/  '  ■'  xx     ■■■..---  X     '■  -\             ■  : 

:■:/      -■■■•'.■'■'.'■ ; 

X^  r  V--**  SX    x     X     X    V    x'    >/    V    V    X'    0 

■ '  :x  . :             ■               ■       ""   ' 

~  Islan !  ;  >un1  i 

optional 
-j  51  (1525)  minimum 


ides;  plans  !  u:  «i,  te thy  ba  i<  typ    .  i  ki1  hi  nl  i  >oui  - 
They  can  I    n  idily,  iaf  o  I  tovoa  ou  •  I   i  rural  ft  •  pati  il 
>i1  lations  buttheyare  ill  based  on  a  work  triangle  that 
connects  tint  thret  major  kitchen  centers: 

(A)  Refrigerator  center  for  receiving  and  preparing  food 
(13)  Sinkcentei  forfoodprepat  ition  and  clean  up 

(C)  Range  center  for  cooking  and  serving 

"fix  .(imn  the  side  of  Ik  tri  ngl     I  -eld  be  not 
s     «  i  i  n  22'  (  J05)\  >i  le;    than  t  ;  166O) 


Ad  litional  i  ictoi    to  a  n:  id* i  in  I  lying;  ut  i  kiti  hem  pact 
include: 

•  Ai  lounl  ol     unti  i      ice,  ndworl  >u  1 1<    •,•  mJ  eel 

'   Fy| ,  ui  i  j  ianti1  /of und  i  <  iui  !t  in  lov  rh<    !'  toi  •  ji 
required 

•  I  equiri  mi  n1  .for  n  itural  ight,  dew;  andv<  nt  i  itioi 

•  Type  and  degree  of  access  de:  ired 

•  Degree  of  en  losureenvisione ,  foi  th  spa 

•  i  lie  |i  itionol  lei  trii  il  plumbing  ind  m    h  nil  ilsy  t<  m; 


l-Shape 


U-Sh 
1 

L 

i  L 

ape 

'(  r  \X— xs 

L     i 

"   ,    ! 

5' (1525)  minimum 


4'  (1220)  minimum 


0 

"     /] 

/ 
n  / 

Provide  a  60"  (1525) 
diameter  space  for  turning 
i  :r    ;  hail  in  U      iped 
kitchens. 

Provide,  le;  tone  work 
urfao  6"(915)wid< 
idju  •!  bit  nhi  ight  from 
26"  to  38"  (710  and  915), 
or  fixed  at  a  height  of  34" 
(ft65)  above  the  floor, 
See  also  A.03  for  general 
ji  i  .!  bilityrequii  merits. 


in  |le  lAfal 


AI  o  Accessibility  Guidelines 


Space  above  cabinets  may  be 
closed  off  with  a  fascia  or  be  i 
to  store  rarely  used  items, 


Cabinet  may  project  to 
with  front  face  of  refrk 


1ft"  (455)  minimum 
clearance  above  counter 


50"  (915)  typical 
counter  height 


1 
f 

V 

J 

\ 

x*  Sink  Center 
•  24"  to  56"  (610  to  915)  counter 
space  on  each  side  of  sink 

^  lefrigerofor  Center 

•  15"  (560)  minimum  counter  space  on 
latch  side  of  refrigerator  for  loading 
and  unloading 

*  16"  (455)  minimum  counter  space 
between  latch  side  of  refrigerator  and 
turn  of  counter 

50"  x46"  (760x1220)  minimum 
clear  floor  space  should  be  provided 
at  sink,  accessible  work  surface,  and 
all  appliances. 

Clear  floor  space  may  extend  up  to 
19"  (465)  under  the  sink,  accessible 
work  surface,  or  appliance. 
At  least  one  shelf  of  all  cabinets 
mounted  above  work  counters  should 
be  no  more  than  45"  above  the  floor. 
6-V2"  (165)  maximum  depth  of  bowl 
Rim  of  sink  and  surrounding  counter 
should  be  adjustable  in  height  from 
25"  to  36"  (710  and  915),  or  be  fixed 
at  a  height  of  54"  (565). 


24"  (610)  typical 
counter  depth 
3"  (75)  toe  space 


16"  to  24"  (455  to  610)  counter 
space  on  each  side  of  range 
14"  (355)  minimum  clearance 
between  center  of  front  heating 
unit  and  turn  of  counter 
36"to42"(915to1065) 
between  range  and  sink, 
refrigerator,  or  wall  oven 


Appliances 

7erify  appliance  dimensions  when  planning  a 
kitchen  layout,  For  preliminary  planning  purposes, 
the  following  range  of  widths  can  be  used: 

•  Range:  33"  to  40"  (640  to  1015) 

•  Refrigerator:  32"  to  50"  (6130  to  915) 

•  Dishwasher;  24"  (010) 

•  Sink:  52"  to  42"  (615  to  1065) 

•  Countertop  dimensions  should  be  coordinated 
with  standard  cabinet  sizes;  see  9.24. 


ADA  Accessibility  Guide! 
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^/ 

- 

J 

V 

t 

i 

<5 

L 

^ 

„-' 

12"  (505) 
36"  (915) 


Combination  Wail  Unit 

e  For  use  over  5ink5  and  ranges 

*  60"  to  M"  (1525  to  2155)  long 

•  50"  (760)  high 


Basic  Wall  Unit 

*  24"  to  4dn  (610  to  1220)  long 
in  5"  (75)  increments 

•  12"  to  53"  (505  to  MO)  high 


-••""'    '. 

LX: 

W^  1 

I 

^y 

Sink  Base  Unit 

•  54"  to  #4"  (1570  to  2155)  long 
in  5"  (75)  increments 


Drawer  Unit 

•  15"  to  24"  (300  to  610)  wide 


Wall  Oven  Unit  Utility  Closet  or  Pantry  Unit      Base  Corner  Unit 

•  W  to  50"  (455  to  760)  wide      •  12"  and  24"  •  39"  to  45" 

•  M"  (2135)  tall  (305  and  610)  depths  (990  to  1220)  long 


Kitchen  cabinets  may  be  constructed  of  wood  or  enameled 
steel.  Wood  cabinets  usually  have  hardwood  frames  and 
plywood  or  particle  board  panels  with  plastic  laminate, 
hardwood  veneer,  or  lacquer  finishes, 

Stock  kitchen  cabinets  are  manufactured  in  3"  (75) 
modules  and  should  conform  to  standards  established  by 
the  National  Kitchen  Cabinet  Association  (NKCA).  There 
are  three  basic  types  of  units;  base  units,  wall  units,  and 
special  units.  Consult  manufacturer  for  available  sizes, 
finishes,  hardware,  and  accessories, 


54J/2"(es75)  height  of 
base  units  allows  for 
countertopsuptol-%" 
(35)  thick, 

5a se  units  for  bathroom 
vanities  are  50"  (760) 
high  and  21"  (555)  deep, 
Base  units  for  buffets 
and  desks  are  23  Jl?n 
(725)  high. 


isic  Base  Unit 

12"  to  24"  (505  to  610)  wide 

for  one-door  units 

27"  to  45"  (6ft5  to  1220)  wide 

for  two-door  units 

25"  or  24"  (555  or  610)  deep 


"^ 


&fP 


\e 


lose  Corner  Unit 
36"  (915)  long 


Finished  end  and  filler 
panels  are  available. 
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Ventilation 

•  Provii     ratui     -   tiiationl  /means 

I   pe  able  exterior  oj  i  nq 
areat  at  essth     kooHk  loorarea 
lit ,  n  in  ol  5    P.  (0.40  rn2 

•  Ame<     nicalvenl  1 1  itKj  -  t<  i 

;.•  i  mi  limui  loftwoai 
chai       ; .   houi  m  iybf    npl<  ,  , 
in  lieu  >f natural'    itilation 

•  ;  ,'i     cent*  rrnayb  '  ntifatedby 


Countertop  Surfaces 

•  The  countertop  surface  may 
be  pi   ■-,  las  1 1  le,  butcher 
block,  cei  in  ii  tile  m<  rble 
or  §ranite,  synthetic  stone, 
concrete,  or  stainless  steel, 

•  Provide  i  heat-re:   tant 

irfacenexttothei 


ghting 

Provide n     n  i  Ii  |h1 !  /means of 
;  t     ■•  jl  ieA  (     ling    'ithai 

t  r  '     .  th  fl  h  irea  )ra 
minimum  of  10  si  (0,95  mz). 
Thebuiidirii  .  . .    /pii  illy  iliows 

idei     I  kitchens  to  b  illi   lin  ted 
solely  with  *   fii  iallif  Ii  ing. 
Ii     l<    ion  1      m        i    lighting, 
a  >  lighting  is  equii  ?dovei  each  of 


a  hood  with  an  exhaust  fan: 

*  Vei  icallyl  irough  ooi 

*  Directly  through  exterior  wall  ~ 

*  Horizot  talty    •  iutside  through 

ffitabi     "  !     bii  ts  — 
Self  venting  eooktops  may 
exhai    , .  i   ctly  -  wtsid    n 
if  in  a;-  interim  rli  ,    i  nt  through 
adu(  mm  h    looi    '  tern  — ~ x 


work  cei  er;   md  m  i    ■  in1  rtop  • 


Elec    :t    — -^  | 

•  A  minimurfi  of  two  circuits  for  small  | 
ippliai  c  •■  hou  ibepn  ndedwith  j 
outlets s|  ice    f'(12  !0)o.c,and    [^ 
about  6"(1  'I  ■  ibrav    he  countertop, 
fhesedrci  its  h  >i  1 1  be  pro   <  ted  by 
a  ground  fault  interrupter  (OFI). 

s  6peci  !  >in§l   o    i  I   ircuii 
equii  d  I  "i  p<  mane  tlyi  •-  \\\  d 
ippli;  ric       ■  ,        ectri     i  ,. 
and  ovens. 

•  Separate  <  ircuh  >au  -I  »orequi .  d 
for  appliances  such  as  the 
refri§ei  i      lishwasl  i   iar!    \ 

<  i:  po:  ill  nit, an  Ii  if  rowaveoven. 


Gos 


liancesrequiri     paral 
fuelsupph  '  i< 


,_ ........  J  ^ 

*  W  t    upply    i./  ..    I  ii    in 
and  dishwasher  are  required, 

9  Waste  lin*  >  oi   h<    ink,  waste 
■  pt  ;  M  ii  ii     i,    i  hi     I 
in  r  c[uin  d, 

•  5ee11.24-11.2fi. 


Flooring    h  oildl     lips    istanl 
■  s  jit .  ,'■>;  ti  i  latntain,  nd 
re  i  tanl  i.  ;  a  ei  andgi 


Heating 

•  Suppl  ■  ,t  e     ire  us!  ilh 
,    ■    d  under  I         ibinel 


;  rC!IPMiil|S  !i  V'-SRVj 
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2l-4"to21-0" 
(710  to  015) 


LO    i 


I  ie  *  bathro  w  plan  illustrate  ba  >ic  ay<  u1  -and 
itioi  mip    vhi    (  inb<  id  i    ed  t(    uit:  p    ific 
situations.  I  ix1  it  :  spacing  ind<  earam  ;:  are  import  ml  foi 
safe  and  comfort  b!<  movement  within  a  bathroom  .pace 
Recommended  dimensions  can  be  perceived  through  the  study 
ol  t  i  s<  plan    mdth    b   mii<j  >  >n  thefaci  igpa^i   Fhe overall 
dimensions  of  a  bathroom  will  vary  according  to  \  he  actual 
size    »f  the  fixtures  used 
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Thelayoul  H  b  throom    md(  tin  t  r  s  ro<  mfai  ilities  should 
also  take  into  account  the 

*  Space  for  and  locations  of  acci  soriei    uchas    >welbarss 
mirrors,  an  I  m<  lii  ini  cabin  ts 

*  Number  of  pium  n;    ill  requin  i  and  th  location  of 
stas  ks,  vents  mdhori  ontalruns. 


3'-2"(2490) 


5 


*  Doorway  should  have  a 
minimum  clear  opening 
width  of  32"  (315).  -- 

•        >0<  f      5  ,      I      '    I,  , 

into  the  required  clear 

floor  space.  -~ ___ 
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Accessible  bathroom!  and  re:  tros  m  I  u  ilitii  >requi  'e  i 
clear  floor  spa<    I?      vhe<  IchairtomakealSi    turn,  This 
space  shoul  lb*  eithi  i  a  60'  (  525)  di  mietei  circle ora 
I    nip,  I  hr,   i/ithin  1 6  >"(152!  i  .quan  v  ri  mm  '''I'' 
(915)  wide  minimum  and  60"  (1525)  long  minimum. 

•  The  deal  flooi  >pro  a.  fixti  re    kh<  i<  -    ;ible  route, 

a  id  in'  wh<  el<  h<  ii   ui  lin  j  space  n   «  rmi  ted  to  <  i/i  riap 

*  See  9.23  9.29  f<  r  icce:  sibl  fixi  irei  :quiremei  I 
.  5ee/4  w  f0  tj  m  ||/\p/\  |  ,,     jbilitygui ;«  it  s 

ADA  Accessil  ility  Guideline! 


i  je  of  fixture  dimensif     given  below    foi 

preiiminai     fanning  ]    | .  .     nlv.  '       litth  fi 
manufacturer  for  actual  dimensions  of  specific  models. 

.  ■  i  ifc  ,■<,!    uresi      I    m  •'.  e,  ;i«  !  >[|<  ■  ig 

materials. 

•  V  iterdosel    urin ,    andbt     y.vft  ecus  china 

•  Lavato  ie;  bathtub     ndutilit;    inks:  vitreous 
( hi  i     nameled  cast  ire     m  imeled   o  I 

•  Shower    cept         terrazzi     «    ,  led  steel 

•  5how<  i   nolo  ui       n  it  eli  I  steel    ta  riles  ■    i  : 
ceramic  tile,  fiberglass 

•  kitchen  sinks;  snameiedcasl  iron,  enameled  steel 
s1  linl  •    vi  ■ 


Wafer  Closet 

•*  22"  (5!    )  osid.  .,  II;  1  •     b\  )  minimum 

-  36"  (9    Itoopposi     vail; 

i  nin  in 
•*  10"  (455)  to  fixture;  12°  (305)  minimum 
>    ,    \    • :  rim  A    tl   ■  losel  ;« ov<  flo  »i 
14"  to  15"  (555  to  350) 


avatory 


7)  to  side1  ill;  14"  (    »! )  minimum 


-  50"  (76  ')  to  )j  ositi   '  II 

6"  (4!       linimi  i ' 
^  6" (150)  tofixtui     "l?  il)    n   mm 

Bathtub 

-*  34"  (665)  to  op] 
20  !  06)  mil  i  un 

-  6"  (205)  to  fixture;  2"  (51)  minimum 


Fixture  Clearances 


w 


Wafer  Closet 

Urinal 

Bidet 

Lavatory 

Lavatory 

Width 

20"  to  24"  (510  to  610) 

16"  (455) 

14"  (555) 

30"  to  30"  (700  to  915) 

16"  to  24"  (455  to  010) 

Depth 

22"  to  29"  (560  to  735) 

12"  to  24"  (505  to  610) 

50"  (700) 

21"  (555) 

10"  to  21"  (405  to  535] 

Height 

20"  to  25"  (510  to  710) 

24"  (010)  rim  height 

14"  (555) 

51"  (765)  above  floor 

51"  (765)  rim  h  4  n 

Bathtub  Squ  i  •   atl  ub  Shower 

Width       3'-6"  to  6L0"  (1005  to  1650)  3'-0"  to  4'-2"  (1120  to  1270)  2'-0"  to  3'-6"  (700  to  1005) 

Depth       2'-6n  to  2'-0"  [760  to  615)  5L6"  to  4'-2"  (1120  to  1270)  2'-6"  to  3'-6"  (760  to  1005) 

Height      12" to 20" (505 to 510)  12" to  10" (505 to 405)  &-T%o&-bl   I660to2050) 


Singl     iwl   inl 
Width       12"  to  53"  (505  to  640) 
Depth       13"  to  21"  (350  to  5! 
Height      5"  to  12"  (205  to  505) 


loul  le  w  ■   >ii  I 
25"  to  40"  (710  to  1170) 
16"  to  2f  (405  to  555) 
ft"  to  10  (205 1<  255) 


mc  w 


Lira  doi 


5^   i   I     \    •     »   13  I 

21"  to  25"  (555  to  635) 
if  (205) 


Utility  Sink 

22"  to  46"  (500  to  1220) 

15"  to  22"  (455  to  560) 

27"to2'    m    e55to75 
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Iciitubs 

■*  A  grab  bar  33"  to  36"  (MO  to  915)  above  the  floor  and 
at  least  24"  (610)  long  >houl  I  be  installed  on  the  back 
,  ill  t !'  (i  IO)m  i  ii  mm  froi  th  :hi  1 1  n  1  w  il  i-  ■  I 
(305)  maximum  from  the  fool  en  I  val  Another  grab  bar 
of  equal  lei  jtl    h   ildbeins  illed9l!|  !30)  ibovetherim 
of  the  tub, 

-*  A  grab  bat  a  i,     I  14"  (305)  long  should  be  installed 
on  the  fool  end  rail  il  the  from!  edge  of  the  tub, 

^  Control  area 

*  Kim  of  tub  should  be  17"  to  19"  (430  to  460) 
a  bow?  the  floor. 

-*  Agrabbai  i1  l<  is     "(30!  (long;  bouldba  installed 
on  the  hi  id  md  a  «i  n  S  froni  edqi   ■  the  tub, 

*  Diant  I  i  o\  vidthi  fgi  I  bars  hi  ul  ib<  I  7'"to1-1/2" 
(32  to  35)  with  a  1-V; "  (38)  .,  .    between  the  grab  bar 
and  the  wall. 

-  30"  {6(T(760    1525)  minim  nclea  flooi   ,  i 
forapirai  ■!  |  pn  i  ht   tl  ithl  !■  -  id 40" x 80" 
(1220    15  !5)rninimu  nforafo     i  d  ipproa  i 


io¥«r  Stalls 

Orabbai  -  33"  to  36"  (<    0 to  915)  above  thi  floor 
liould     provided  on  three  walls  of  roll-it     ,     flowers. 
Foi  ti  insi    ;  /j     h    '.  •      'I!  i,  gra  I      ho  id.  -'tend 

across  th<    ontrol      I  rid  I  it    ,r i  1<    (455) 

from  the  control  wall. 

Hz  (13)  i  laximun         hold  bevel  d  with 

aslopenol  •  teepei  than  1:2 


-  36":  3(5  (915   91  >)  minimum  insidi  dim?  nsionsfor 

.■  insferl  p<  shower  :  ,     with  ><  '    r  !  a  t  ■    12;  0) 

minimum  i  t  n  floor  pee  for  access 
•  30"  x« 'i ''  '/  '■'    1525  mil !  n  i  nin  id    lirrii  u  'ions  for 

roll-in '  /p«    h  a  i   i/vitl   >6      0"  (91      1 52  )  minimum 

clearflooi    |  *  <  for  iccess 


"  J  II 


,/  itorie    i  id   i  ik; 

-  17"  ( I-30)  minimu  n    t<  nsion  fn  m  wall 

-*  34" (  ■  5)  ma  !  <! i  i  rimh  fg  Cofla  itoryorsink 

above  the  floor 
/  29"  (7  i ))  minimum  I  n  in  <  from  9-  floor  to  the 

l   'i  mol  thi  fn  n1  ed  )<  ol  thi  apn  n 
■■*  &  (2(  5)  ■;  ii  imu  i  '.   th  Foi  clear  knee  spac*  a1 

IT  (655)  i bow  i  i  fl  wrand 

I  (2  »  ,l  ninim  d   leptha    *"(250)abo    the  floor 

-  30"  x  45"  {760  x  1220)  clear  floor  space  should  extend 
nol  moreth  in  I9"(4#5)un<  i 1  the  sain!  oi  •  *  'atory 
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Wafer  Closets 

s   , ',  i     ',:'<   I       hi  ul  lb<  rii   nl  d  adj  h ,  i1 
toa wall oi  p  srtil  - , ,  rh<  <  i  m  .    fromtbe 
centi  piirii  of  the >     ei  cl<  ettotb  wall  or 
partitioi    hould     15"  (    6)   ** — ~      ' 

•  Topol  toil  .      i1  •  hould  be  17rto  19y 
(450  to  455)  above  the  floor, 

»"(122i     linimumcleai  :i<'<     ; 
fro  i1  .i '  ite  ■  ■  ■  < !    nd  1-2'  (1065    i  >m 
thecente  line  of  the  wa1      i<      on  i;he 
i,         >d  ...     o     -ill       ■■  ■■    ■ 


Toilet  Stalls 

•  Wheelchai!  acces:  ibli    oil  I     ills  should 
be  at  least  60"  (1525)  wide  and  56"  (1420) 
deep  minimum  foi  wall  hungwatei  1 1,  sel 
and  59"  (1!    (  \dee\  .  inimum  for 
floor-mounted  water  closets.  - ._ 

•  Deptl    '  luldbi  ncrea    .    _  h  "(91  ] 
if  door  swings  into  stall,  — —  ~ — __ 

•  Grab  ban  si  dd  •  mou  i1  :d  in  a  horizonta 
position  53"  to  36"  (540  to  915)  above 
the  floor,  on  a  rear  wall  and  on  the  side  wall 
closest  to  the    i1  i  ;\o      See  details 

above, 

•  Ambul;    -i ;  «■  .    .i  I       ill  •  hould  be  at 
least  36"  (915)  wide,  60"  (1525)  deep, 
md|  i  •■'  '.  l  'im1;    !  •  ■   on  both  >\  '- 
of  the  stall, 


1  >uld  be  mounted  in  a  horizontal 

posittoi         o  36"  (540  to!     (above  the 
flooi     -  ..      ir  wail  and  on  th  -; 

closest  u  ,    ml  r  closet. 
Diameter  or  width        '    arsshs  uldbe 
1  -  V  to  1 J/2"  (32  to  55)  with  a  I-V2"  (35) 
,  .      stweentl     ;,      »      id1      valj, 
rab  baron  th  Ishouldbeatfeasl 

424(106:   long  and  1  ,       ireai  wall. 

Grab  bai  ont         'wall  should  be 24  (610) 
long  minimum,  ndc.  n1  ro   w  the  water 
closi  tawhi  e  space  p    ni     th  bai  should 
be  36"  (9  i)l  uii  in.      (    lontl    ti  msfer 
»ides     !■    ■        l(  < 


(I    )) .  t,  door  mi    1  ui  1 


creet     ill     hi       11 1 
idh    >n      to   irif  1 


_. J 


^  50"  x  45"  (760x1220) 
1 !    nu nel(     fbt     pa 


54)"  (305) 
4'-10"  (1475 


47(305) 


Toilel  rwo  tion    n    befloi ;  mountec 
wall-hung  ■       [    dedfron  the 

rheadceil      >1  ucture, 
!   ?tal|    titi  >nsi      ,      baked 
enamel,  porcelain  enamel  or  stainless 
• .  eli  lishes, 

Plastic  laminal        ip        ':       md 
marble  panels  are  also  available, 


'inals 

Stall  type  or  wall-hung  urinals 

10I  more 
than  17"  (450)  above  the  floor, 
Hand-operated  flush  controls 
uldbe mouni      i  m15"to 

44"  (550  to  1120)  maximum 
above  the  floor, 
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Lighting 

•  Natui  ills  (h  ii  jl    means  of  exterior 
tjlazi  lopi  ling  isalway    lesirahl 

•  A singh  -    •'-    1  light fixtun      isuall 
not  as  ceptabl        ili    ,  lighting  is 
required  over  the  tub  or  shower,  over  the 

'  ival  ii      id'  inify     unl  i   ind  over  any 
compiriii'  I-1  ili   ,'i  'ili  i  '.paces. 

•  flu  light  fixtui    >verthi     i  . !  »h(  vi  i 
should,      ■  i<  i  ini  U  ■  w  ••  -   - 


Vi   ri!  ition 

f  Bathroom  t  .';!|ii     i1  i  l  natu  il 
ormef  h,  nicalw  itil  ti  *n  in  rdei  to 
n  n   w     all   m  ind  upplyl  e:  h  lir 

*  Pi  widi  n  itui  Iv  ntilation  by  i  \t  in  oi 
openoblef  I  ;rioi  openin  r  vithanarea 
not  less  than  V20  of  the  floor  area  or  a 
minimum  of  Pkel  (0.14m2), 

s  Amech  mi*  il  ventilating :  v  u  m  n  \  be 
employ  din  lieu  ol  n  rtural  ventilation 


Fhevi  ntilatingl  in  >h  mldl    loi  11    I  do  e 
ti  thi    how  i   ndhi ]!i  •  1  in<  ;,   01 '  il 
opposite  the  bathroom  door,  it  should  be 
connected  lit    tiy1    th  <  ul  <\dt  and  be 
capable  ol  provi  lii  jfi    air  changes  per 
hour, The  poinl  ofdisi  h  irgt  should  beat 
I     I     (915)  iwa  kt  m  myopi  ningtha 
allows  on!  idea    t   en1  i  th<  building. 
Residential  1  hau  I  fans  ire  often 

mbinei    itl    light  fixture,  a  fan  foi   :d 
heatei    r  a  radiant  heat  lami 


Electrical 

-*  Electrii  :  witi  Is    ind  onvenieni 

outlet  *  should  be  i<  ted  when  they  are 

leededbutawa     ,  ter  or  wet  areas, 

fheyshou         !  ibli  from  a 
bathtub  or  shower. 

•  All  con5  ni  ;  <  out!  I   sis 
I  r  ted    I  by  1  •  -i'1  I  fault  ntem  1 t<  1 
(GFI);  see  11.32. 


;  ■• • ■ - 

•  faacki     foi     ■  i  ,! 
should  be  moisture  res 

•  All  iiiii  hs '    houldb 
and  easy  to  clean,  and 
have  a  nonslip  surface. 


m,  sanita 
Inesbouk 


Heating 

*  Heating  nay bi    u|   liedinthe 
conventional  m  mnei  through 
warm  ait  regi  iters  ii    1.  it  1 1 

ronic  <  lecti  !  •  «  1 
units,  or  electric  resistance 
hi  iti  ■•  nth      ; 


Plumbing 

-  Plumbing  w  ill;     ,  1  Idh  ivi  sufficient 
depth  t<    a     ins  :  .    the  required 
watei  suppl    ind    isl  if  id  vents. 

•  See  11.24-11,25. 

•  Space  is  requi  edfo   icc<      riessuch 
asamrdt  ii  ■  •  met,  mirror,  towel  bars, 
toilel  p  iperhol  lei   ind  >o«  pdi  .1 . 

•  Storage    pace  i  n    liredfor  towels, 
linen,  and  cli  ning  supplies. 
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10.02  Finish  Work 

11.03  Plaster 

10.04  Plaster  Lath  &  Accessories 

10.05  Piaster  Partition  Systems 

10.06  Plaster  Details 

10.07  Plaster  over  Masonry 

10.08  Plaster  Ceilings 

10.09  Gypsum  Board 

10." r  -;v?sum  Board  Details 

10.12  Ceramic  Tile 

1 0.1 3  Ceramic  Tib  Applications 
If         .   amic  Tile  Details 

1 C  razzo  Flooring 

10.16  Wood  Flooring 

10.17  Wood  Flooring  installation 

10.18  Stone  Flooring 

10.19  Resilient  flooring 

10.20  Carpeting 

10.22  Acoustical  Ceiling  Tiles 

10.23  Suspended  Acoustical  Ceilings 

10.24  foot!  Joints 

10.26  Wood  Moldings  &  Trim 

10.28  Wood  Paneling 

10.29  Plywood  Veneer 

11.30  Plastic  Laminate 
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This  chapter  illustrates  the  major  materials  and  methods 
[■  '.Hi   fini  >l  the  it  i  rioi  wall  c<  ling,  and  floot  >  rfacesof 
a  building  Inti  rii  i  vatl     houl  Ibi  resis  in1  torn  n  mdb 

cleanable;  floors  should  be  durable,  comfortable,  and  safe  to 
W  ill  on  ceiling  >  houid  b<  r<  itiv  I  rrn  linti  nan«  fret 

Because  exterior  wail  surfaces,  such  as  stucco  and  wood 
iiding,  mu5l  s<  rv<  efl  «  tivelya  -barrii  t  >.  -5  iins1  tk 
pen*  rationi  I  /al  1  in1    th(  in1  ri<  t  oi  ibu  ding  th< ;  an 
covered!1''  t ipti  1  /  1  *np  tl  rool coverings, 

Rigid  finish  u  n. ,    !     ipabb  >f  spanning  short  distances 
maybe  ippiied      1: 1  pporting  \\  doi  m  11  m<  1  bers  More 
flexible  finish  material    onth<     hi   hand.requin    solid,  rigid 
ba<  king  Additi  mal  tei  hnicalfa;  lo\  -to<  i  n  id  -  in< !  id<  1  le 
acoustic  qualitii  ,  fir   -esistai      indthen    I  insulation  value 
of  a  finish  m  rterial 

Surface  finish    havi    critical  influence  on  thi  aesthetic 
".1  il  i<    o\  1  f.      Ii  ,1       lee  tion  in  I  use*  la  finish 
m    erial.we  ;houId<  ireful!     >n  idei  it:    olor,  I    tur    1   ! 
pal    ?rn  and  thi  v  >  i1  rm  v-  ■  idj  »inswitboth  i  materials. 
If  a  finish  n  rterial  has  r     i  !  ■    h    ictei     i         nil  •  unit 
limensionsi      eusedtoregula      !       lensionsol  iwall, 
floor,  or  ceiling  surface. 


tt^^^^SSi^^HB 
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Plaster  refers  to  any  of  various  mixtures  applied  in  a  pasty  form  to  the 
surfaces  of  walls  or  ceilings  in  a  plastic  state  and  allowed  to  harden 
and  dry,  The  most  common  type  of  plaster  used  in  construction  is 
gypsum  plaster,  which  is  made  by  mixing  calcined  gypsum  with  water, 
fine  sand  or  lightweight  aggregate,  and  various  additives  to  control  its 
setting  and  working  qualities.  Gypsum  plaster  is  a  durable,  relatively 
lightweight,  and  fire-resistant  material  that  can  be  used  on  any  wall  or 
ceiling  surface  that  is  not  subject  to  moist  or  wet  conditions,  Portland 
cement  piaster,  also  known  as  stucco,  is  used  on  exterior  walls  and  in 
areas  subject  to  wet  or  moist  conditions;  see  7.54, 


Hard  finish  refers  to  a  finish  coat  of  lime 
putty  and  Keene's  cement  or  gauging  plaster, 
troweled  to  a  smooth,  dense  finish. 
Keene's  cement  is  a  trademark  for  a  brand 
of  white  anhydrous  gypsum  plaster  that 
produces  an  exceptionally  strong,  dense, 
crack-resistant  finish. 
Gauging  plaster  is  a  specially  ground  gypsum 
plaster  for  mixing  with  lime  putty,  formulated 
to  control  the  setting  time  and  counteract 
shrinkage  in  a  finish  coat  of  plaster. 
White  coat  refers  to  a  finish  coat  of  lime 
putty  and  white  gauging  plaster,  troweled  to 
a  smooth,  dense  finish. 

Veneer  or  thin-coat  plaster  is  a  ready-mixed 
gypsum  plaster  applied  as  a  very  thin,  one-  or 
two-coat  finish  over  a  veneer  base.  .—--—- 

Acoustical  plaster  is  a  low-density  plaster 

containing  vermiculite  or  other  porous 

materia]  to  enhance  its  ability  to  absorb 

sound. 

Molding  plaster,  consisting  of  very  finely 

ground  gypsum  and  hydrated  lime,  is  used 

for  ornamental  plasterwork, 


Finish  coat  is  the  final  coat 
of  plaster,  serving  either  as  a 
finished  surface  or  as  a  base 
for  decoration.  % 


Plaster  is  applied  in  layers,  the 
number  of  which  depends  on  the 
type  and  strength  of  base  used. 


Two-Coat  Plaster 

-•  Plaster  is  applied  in  two 

coats,  a  basecoat  followed 

by  a  finish  coat. 


Brown  coat  is  a  roughly  finished, 
leveling  coat  of  plaster,  either 
the  second  coat  in  three-coat 
plaster  or  the  base  coat  in 
two-coat  plaster  applied  over 
gypsum  lath  or  masonry. , 


The  final  appearance  of  a  plaster  surface  depends 
on  both  its  texture  and  its  finish,  ft  may  be  troweled 
to  produce  a  smooth,  nonporous  finish,  floated  to 

a  sandy,  lightly  textured  finish,  or  sprayed  on  for  a 
rougher  finish,  The  finish  may  be  painted;  smooth 
finishes  will  accept  textile  or  paper  wall  coverings. 


Three-Coat  Plaster 

-  Plaster  is  applied  in  three 
successive  coats,  a  scratch 
coat  followed  by  a  brown  coat 
and  a  finish  coat. 
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•  Basecoat  refers  to  any 
plaster  coat  applied  before 
the  finish  coat. 

<•  Scratch  coat  is  the  first  coat 
in  three-coat  plaster,  which 
must  adhere  firmly  to  the 
lath  and  be  raked  to  provide  a 
better  bond  for  the  second  or 
brown  coat, 

•  Wood-fibered  plaster  is 
mill-mixed  gypsum  basecoat 
plaster  containing  coarse 
cellulose  fibers  for  greater 
bulk,  strength,  and  fire 
resistance,  used  neat  or 
mixed  with  sand  to  obtain 

a  basecoat  of  superior 
hardness. 

•  Neat  plaster  is  a  gypsum 
basecoat  plaster  having  no 
admixture  except  hair  or  other 
fiber,  used  for  on-the-job 
mixing  with  aggregates. 

•  Ready-mixed  plaster  is  a 
mill-prepared  plaster  mix 
of  calcined  gypsum  and  an 
aggregate,  such  as  perlite  or 
vermiculite.  It  requires  only 
the  addition  of  water, 

•  The  addition  of  perlite  or 
vermiculite  reduces  the  weight 
and  increases  the  thermal  and 
fire  resistance  of  the  plaster, 


Plaster  ond  Gypsum  Board  Assemblies 
Gypsum  Postering 


Metal  Lath  Jype        Weight      Support  Spacing  in  In.  (mm)  o.c. 


psf* 

Vertical 

Horizontal 

Diamond  mesh 

0.27 

16(405) 

12(505) 

Diamond  mesh 

03d 

16(405) 

16  (405) 

Ve"  flat  rib  lath 

0.51 

16  (405) 

12(505) 

Vs"  flat  rib  lath 

03d 

24(610) 

19(465) 

3/s"  rib  lath 

03d 

24(610) 

24(610) 

Welded  or  woven  wire 

Odd 

16  (405) 

16(405) 

Wire  fabric  w/ 

0.19 

16  (405) 

16  (405) 

paper  backing 

pst 


47.05 


Corner  beads  reinforce  external  angles  of 
plasterworic  and  gypsum  board  surfaces. 
I-W'to  3-:V  (32  to  m  expanded  flange 

Vs"  (5)  radius  - ' 

°kn  (19)  radius  bullnosc  -  -- -  ...x 

Flexible  corner  beads  may  "wfp    / 

be  bent  for  curved  edges.        fr     X 

Casing  beads  reinforce  the  edges  of 
plasterwork  and  gypsum  board  surfaces. 


V4"(6)45°break  .. ,k. ......  . 

A  variety  of  moldings  create  reveals  at 
the  corners  and  edges  of  plastsrwork. 
F- reveal  .....  . 

Corner  mold  ,-- '" " 

5/4!,(19)^... _ _    , 

laase  screeds  separate  a  plastered  surface 
from  another  material. 
1/el,o/e!!a/s"(15.19J22)depths-  ■-• ' 

Gypsum  plaster  expands  slightly  as  it  hardens 
requiring  expansion  joints  to  control  cracking, 
V2", b/^",  7/s"  (13, 19, 22)  depths  --.,__ 


•  %"or!/2"(10or13)thiek 

•  16"  (405)  wide  x  45"  (1220)  long 

•  24"  (610)  widths  and  lengths  up  to 
1240"  (5660)  are  available. 


Metal  Lath 

Metal  lath  is  a  plaster  base  fabricated  of  expanded 

metal  or  of  wire  fabric,  galvanized  or  coaled  with  a 

rust-inhibiting  paint  for  corrosion  resistance. 

-  The  weight  and  strength  of  the  metal  lath  used  is 
related  to  the  spacing  and  rigidity  of  its  supports, 

-•-  Expanded  metal  lath  is  fabricated  by  slitting  and 
expanding  a  sheet  of  steel  alloy  to  form  a  stiff 
network  with  diamond-shaped  openings. 

-•  Rib  lath  is  an  expanded- metal  lath  having  V-shaped 
ribs  to  provide  greater  stiffness  and  permit  wider 
spacing  of  the  supporting  framing  members. 

•  Self  centering  lath  is  a  rib  lath  used  oyer  steel  joists 
as  formwork  for  concrete  slabs,  or  as  lathing  in  solid 
plaster  partitions, 

-  Self-furring  lath  is  expanded-metal,  weided-wire,  or 
woven-wirc  lath  that  is  dimpled  to  space  itself  from 
the  supporting  surface,  creating  a  space  for  the 
keying  of  plaster  or  stucco. 

-*  Paper-backed  lath  is  expanded-metal  or  wire  lath 
having  a  backing  of  perforated  or  building  paper,  used 
as  a  base  for  ceramic  tile  and  exterior  stucco  wails. 

Gypsum  Loth 

Gypsum  lath  is  a  panel  having  an  air-entrained  core  of 
hardened  gypsum  piaster  faced  with  fibrous,  absorbent 
paper  to  which  plaster  adheres. 

•  Perforated  gypsum  lath  is  punched  with  l)l4l  (19)  o 
holes  §  4"  (100)  o.c,  to  provide  a  mechanical  key 
for  the  plaster. 

•  Insulating  gypsum  lath  has  an  aluminum  foil  backing 
that  serves  as  a  vapor  retarder  and  reflective 
thermal  insulator. 

•  Type  X  lath  has  glass  fibers  a  nd  other  additives  for 
greater  fire  resistance, 

•  Veneer  base  is  a  gypsum  lath  having  a  special  paper 
facing  for  receiving  veneer  plaster, 

Trim  Accessories 

Various  accessories  made  of  galvanized  steel  or  zinc 
alloy  are  used  to  protect  and  reinforce  the  edges  and 
corners  of  plaster  surfaces.  These  trim  accessories 
also  serve  as  grounds  that  help  the  plasterer  level  the 
■finish  coalmd  bring  it  up  to  the  proper  thickness.  For 
this  reason,  all  grounds  should  be  securely  fastened  to 
their  supports  and  installed  straight,  level,  and  plumb. 
Wood  grounds  may  be  used  where  a  nailable  base  is 
required  for  the  addition  of  wood  trim. 
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Three-ooal  • ;  <   n  pi  r  . 
5/a"  to  3/4"  (16  to  19)  thick 

/     /"  Metal  lath 

/    /     •  Wood  of  met     tud  1  ami   i 

-    / 

i 


esft 


Casing  bead 


i- 


/        / 
/       / 


]'••■  >    ) i  g     mm 

plaster;1/?."  (15)  thick 

■  ><,  -'fill  lath 

i  esilii  n1  m<  tin  ing 

clips  may  be  used  for 

sound  attenuation 

Wood  or  metal        \ 

stud  framing 
\ 


!   : 


1     ing  ead 


if  i 


Metal  base 
m  hoi  > .    t 

to  floor, 


plaster  on  each  side 
Met,  I  ceiling  runner 
]lf  (15)  gypsum  lath  or 
1"  (25)  core  board 
3/&"  (10)  metal  rib  lath 
Expanded  metal  lath  w/ 
'    a  iel  studs 


Plisfer  over  Metal  Lath 

•  Three  co    pi  isterls  ppliedora  meta  :  ith 

s  Woodot  n  •  tal  <tud  >  «      m  • :  I0"or24" 
(405  or  810)  o.c,  depending  on  the  weight  of 
metal  lath  used;  see  table  on  \0,Ol 
fk  s  ?mi    ii  m  i,l  i-    turdy  rigid  plane.and 
level;  defle  tion    .  nil  !  elimi  J  to  '/300th  of 
the  support  spacing, 

e  ■  The  long  dimension  or  ribs  of  the  lath  are  laid 
across  the  support  .. 


Plaster  over  Gypsum  Lath 

*  Two-coat  piaster  is  normally  used  over  gypsum 
atl    -eneer  plaster  can  a!    b<  1  >pli  das  a  '/is" 
to'/&"(2  0!  )    1.  'on  ;-coatfinh  hov  1     a«  a  ! 
gypsum  board  base. 

*  Supports  may  k    paced  16"  (405)  o.c,  for  3/e" 
(10)  lath,  and  24"  (610)  o.c.  for  V2"  (13)  lath. 

*  Thelongdim  nsion  - !  he  I  thi:  aid  \c  iss  lit 
jupporl  em  f ;'  ith  m.  uldbi  roi  support 
i  be  ..  p  -j.    db    m    0  meta  el  y 


Solid  Plaster  Partition 

•  2"  (51)    '  i  thii  kne  :  of  partition 

onsena  iflo<  1  space, 

•  Three  coa  plaster  i    ppliedtoboth 

ides     metal  or  gypsum  la    , 

•  Propriel  ■   '  iling   im  1  -and metal 
k  *  J,.-  horsai    equtred  to  «  bili 
the  partition, 


Lao  lath  lff  (15)  on  the  sides 
1"  (25)  at  the  ends,  and 
5llf7  >)  tinl    natco  ner;    N 


5/e"to3/4f,(16to19) 
lastei   hk  n  ss   y 
I  i  aallath  --"'"'' 
Cornet       !  ,     -     1 ,! 

corners 


A 


Corner  lath 

reinforcement 


'If  (15)  plaster 
thickness  typical 
Oyj    in  \i  h 


2"  (51)  typical 

Core  of  rib  lath,  metal 
lath  w/ channel  studs, 
-   lypsumlath 

rhi     cob.    '•    m 


bpce  allows  for 
structural  movement. 
Casing  bead  tied  to  angle 

runner  and  lath 

2"  (51)  solid  plaster 
partition 


\co  ustic  sealant 
Rising  bead 
Veiling  runner 

3tud  shoes  tied  to 
mussed-wi re  studs 
vietal  lath  and  plaster 


Main  runner  channel  • 
Cross  furring  channel 
Ceiling  runner  tied  to 
main  runner 


Ceiling  Detail 

-  2"  (51) 

-  Metal  partition  terminal 

/  Terminal  and  lath  wired 
to  double  channel  stud 


Ceiling  Defoi 


-*  Jamb  anchor  inserts  are 

tied  to  metal  stud 
;  Frame  grouted  wl  plaster 
'    for  structural  rigidity 

•  Flush  condition 


Ceiling  Detail 


Resilient  stud  clips 
Metal  lath  and  plaster 
Gypsum  lath  and  plaster 


Partition  End  Detail 

-  Solid  plaster  partition 
--  Jamb  anchor  inserts  are 

tied  to  lath  and  double 

channel  stud, 
/  Frame  grouted  w/  piaster 

forstructuralriaiditv 


Metal  Door  Frame 


Similar  to  above 


Backbond  extends  as"  (5) 
into  face  of  plaster 


Acoustic  Wall  Treatment 


id  plaster 


ood  ground  servos  as  a 
jidefor  plastering  to  a 
yen  thickness  and  as  a 
;oofortheplasterwork, 


Metal  Door  Frame 


Metal  Door  Frame 


Wood  Door  Frame 


Flush  metal  base 
Metal  base  clip 

Resilient  tile  base 


Wood  ground  tied  to  studf 
Base  clips  or  runner 


Flush  metal  base 
Acoustic  sealant 


lease  screed  is  used 
for  changes  of  material 


Casing  bead 
Tile  base 


Alternative  lose  Details 


-  Masonry  or  concrete  wal 


Plaster  over 
gypsum  lath 


Two-mr  three-coat 
./_•  si  h  plas 


3/. 


(19)c 
stiffeners 
Flush  wall 


nnel 


3/4!,(19)cter 
attached  to ! 
adjustable  ar 

resiiiei 


Plaster  over  Furring 

Plaster  sh  uldl    ap  lii  I  «•  i  hi  hand 

furring  wl    i 

•  The  ma  onry      -      isnotsuitab! 
for  direct  application. 

•  [lie  pi  ssibilitye    •        ;  moisture  oi 
conden  oition  might  pei    i      the  wall 

•  Addil     , !  ii   i  -        |       i 
in  .-0  Mi1,,  hi  iteri  ili:  requii  k 

"  Aresilk  it   ■  i1      i      is  desired  for 
icou!  ticali       nentoftla     »a 

KU'i  e:  ilient  furring 
channel 
■    ;       .         ■/■."(22) 


Wood  or  metal  furring  may  be  applied 

i    lyorhoi      itally 
Plaster    ami        a      letal  or  g  msum 
1      ovei    i  '     ng    :       plicati 

ippi      >    ■    <•  ,     nailarti  the 
examples  shown  on  10.06, 
'all  anchors  are  i    ilal    that  adjust  1 
various  furring  depths, 


Direct  Application 

•  Two-coal  /•'  '   '   '  (16)  thick,  is 

>i     ll\  ipplii  Idii  I        masont 

•  Piasti    na    ?    ppl  i  directly  to  brici 
clay  till     •  « ;•  a  onryifthi 
surfof  •  i  •    iffii    i  ouq\    nd  porous 
l     ||ow  for      •<  a  . 

•  A  bonding  aojeni      emaiii 

'  .    /     ■      ii  ly    -dense, 

iotip   ou     irf;  ui  ;     cons  n  I  . 


channel 


^"(19)  channel 

Resilient  furring 


orcemt 


/  '(16)1 


Furririi  ma  i  -      ill  <r^ 

with  i    il       lips  for  a<      laical 

treatm     an  ind   •■  ■   n1  n 
betwe<    theplastet   nd  masonry, 


m    m\.i.  k  cihsijhh- 


/ 

\  i 

V 

V 

A 

A 

! 

/  \ 

Lj 

3 

g,                 |j 

g .:;... 4 

I\ 

f-,:<~t 

i               1 

; 

L       *\ 

;',      - 

:      :   •      ll 

[  f "      _              ~~ti  -     ■ ,    -  : 

;         !   if 

~~"  '    '    '  "H  *#~~* 

•j '  ..:...  ;...  ;..  wa> 

E22£2i^^ 

Hanger  wire    -"""" 

I-V2"  (S<3)  main  runner  channels  spaced 

upto4,-0"(1220)o.c. 

3/4!l (19)  cro  ■  i furring channi  I  'tied  toth<  m  'in  runners; 

see  table  on  10,4  for  spacing. 

Metal  lath  tied  to  furring  §  6"  (150)  0.0, 


H  lathi  >  nailed  lirei  lyt<  tl  m  !•:  ide  >1  joists  t  n  plaster  is 
•  ub  ct1  era  ,  'j  lu<  .cmod  irin  !  <  Even  A/hen  furring  is 
used,  deflection  of  \k  •  .uppoi  ting  m<  mb^  r:  should  be  limited  to 
Vseotbofthei  pan  >uspendingth  j  is1  >  ceiling  allows  it  to 
now  indep  n<  i  tiyc  t  the  n  pporti  ig  fi  1 1  )rn  -f  >trui  tun  ind 
also  provides  a  concealed  spac<  formei  lanica  ind  light  system; 


6"  (150)  maxim  im 

I-V211  (3d)  main  runner  ----- 
/    [19)  ;  i;    furri  ig  h  mm  !; 


joint  screed    /' 
/"(I'M 


•  Gypsi  ml  the! if 
to  furring  chanrn 

•  3/3"(10)   - 

•  Casing  beads   - 


•  Casing  bead  - 

•  1/4,,(0)   --■■ 

•  Masonry  wall   - 

•0  J;  nd    mdi  i< 


Ceiling  or  wail        /  '    \ 

onti  •!  ;•  nt   '"""" 
Adjustable  from  Vs1'  to  V  (5  to  16)' 


1  ornei .  ontroljoinl 


la  tei  ■  iling  e  houldli  ae  control  joints 
it  least  evei    ,,;  j,    45)ineachdire<  tion 
with  a  maximum  area  of  900  sf  (M  ttr) 
with*  1  1  onti  •  j  "M    riiesc  i  tint:  t  ;l  ' 
shrinkage,  temperature,  or  structural 
itres  e  •  vithin  1  irgepla  tered  m  1 

Control  Joints 


•  VV(6) - 

•  Casing  beads  -  - 
No  Bond  Condition 


•  Lap  lath  S!' (75) - — 

•  Continuoi    pi  is  tei   uri  u 
,  quire;   igi  i  >\  pporl 


Restrained  Condition 

Wall  find  Ceiling  joints 


A 


Gypsum  board  is  a  sheet  material  used  for  covering  wails  or  as  lath. 
It  consists  of  a  gypsum  core  surfaced  and  ed§ed  to  satisfy  specific 
performance,  location,  application,  and  appearance  requirements.  It  has 
qood  fire  resistance  and  dimensional  stability,  in  addition,  its  relatively 
large  sheet  size  makes  it  an  economical  material  to  install.  Gypsum 
wallboard  is  often  referred  to  as  drywal!  because  of  its  low  moisture 
content,  and  little  or  no  water  is  used  in  its  application  to  interior  walls 
or  ceilings.  Sheetrock  is  a  trademark  for  a  brand  of  gypsum  board. 

Gypsum  board  may  have  different  edge  conditions.  Base  or  intermediate 
boards  in  multilayer  construction  may  have  square  orton§ue-andwjroove 
edges.  Prefinished  boards  may  have  square  or  beveled  edges,  Most 
commonly,  however,  gypsum  board  has  a  tapered  ed§e.  The  tapered  edge 
allows  the  joints  to  be  taped  and  filled  to  produce  strong,,  invisible  seams. 
Gypsum  board  thus  can  form  smooth  surfaces  that  are  monolithic  in 
appearance  and  that  can  be  finished  by  painting  or  applying  a  paper,  vinyl, 
or  fabric  wall  covering. 


Types  of  Gypsum  Board 


Beveled  edge 


Rounded  edoe 


Tonoue-and-rmooi; 


Types  of  Edges 


Regular  Wnllboord 

•  Tapered  edge 

•  4'  (1220)  wide,  &  to  16'  (2440  to  4575)  long 

•  Vs"  (6)  board  is  used  as  the  base  layer  in  sound-control  walls;  3/&"  (1 
board  is  used  in  multilayer  construction,  and  for  remodeling  project: 
V2"  and  5/&[l  (15  and  16)  boards  are  for  single-layer  construction. 

Coreboard 

•  Square  or  tongue-and-groove  edge 

•  1"  (25)  thick 

•  2  (610)  wide,  4  to  16'  (1220  to  4675)  long 

•  Used  to  line  elevator  shafts,  stairways,  and  mechanical  chases, 
and  as  a  base  in  solid  gypsum  partitions 

Foif-Bocked  Board 

•  Square  or  tapered  edge 

•  VJ/2  ,V  (10  J3J6)  thick 

•  4'  (1220)  wide,  &  to  16'  (2440  to  4375)  long 

•  Aluminum-foil  backing  serves  as  a  vapor  retarder  and  as  a 
reflective  thermal  insulator  when  the  foil  faces  a  '6kH  (19) 
minimum  dead  air  space. 

Water-Resistant  Board 

•  Tapered  edge 

•  Vrt"  (13, 16)  thick 

•  4'  (1220)  wide,  &  to  XI  (2440  to  5660)  long 

•  Used  as  a  base  for  ceramic  or  other  nonabsorbent  tile 
in  high-moisture  areas 


Type-X  Board 

4  Tapered  or  rounded  edge 

•  te'.,5/^1  (13, 16)  thick 

•  4'  (1220)  wide,  &  to  16'  (2.440  to  4075)  long 

•  Core  has  glass  fibers  and  other  additives  to  increase  its 
fire-resistance;  available  with  foil  backing. 

Prefinished  Board 

•  Square  edge 

•  5/i6"(r3)  thick 

•  4'  (1220)  wide,  &  (2440)  long 

•  Vinyl  or  printed  paper  surface  in  various  colors,  patterns, 
and  textures 

Backing  Boord 

•  Square  or  tongue~and~groove  edge 

•  3/&V/^V  (10  J3J6)  thick 

•  4' (1220)  wide,  cs1  (2440)  long 

•  Used  as  the  base  layer  in  a  multilayer  assembly  for  increased 
rigidity,  sound  insulation,  and  fire  resistance;  available  with  regular 
or  Type-X  cores,  or  with  foil  backing 

Sheathing  Board 

•  Square  or  tongue-and-groove  edge 

•  V^5//*"  (13, 16)  thick 

•  7!  or  4'  (610  or  1220)  wide,  &  to  101  (2430  to  3045)  long 

e  Has  a  fire-resistant  core  and  faced  with  a  water-repellent  paper  for 
use  as  exterior  sheathing;  available  with  regular  or  Type  X-cores 
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Exterior  and  below-grade  masonry  or 
concrete  walls  require  furring  before  the 
application  of  gypsum  board  to  eliminate  the 
capillary  transfer  of  rater  and  to  minimize 
condensation  on  interior  wall  surfaces,  , 


,^ 


^ 


v^ 


Masonry  or  Concrete  Base 
Gypsum  board  may  be  applied  to  above-grade 
masonry  or  concrete  walls  whose  surfaces  are 
dry,  smooth,  even,  and  free  of  oil  or  other 
parting  materials. 


Vertical  application: 

board  length  parallel  to  framing  — 

Horizontal  application; 

board  length  perpendicular  to  framing 


Stud  Wall  Base 

Gypsum  board  may  be  fastened  directly  to 
wood  or  metal  stud  framing  that  is  structurally 
sound  and  rigid  enough  to  prevent  buckling  or 
cracking  of  the  gypsum  board,  The  face  of  the 
frame  should  form  a  flat  and  even  plane. 

Horizontal  application  is  preferred  for  greater 
stiffness  if  it  results  in  fewer  joints.  Butt-end 
joints,  which  should  be  kept  to  a  minimum,  must 
fall  over  a  support. 

-•  Gypsum  board  can  be  bent  and  attached  to 
a  curving  line  of  studs.  The  maximum  bending 
radius  is  as  follows: 


jk 


<6 


k^ 


iy 


\m 


\U2 


-  1x2  minimum  wood  furring;  ^ 
use  2x2s  or  metal  channels 
for  greater  stiffness, 

-*  Support  spacing: 

16"  (405)  maximum  for  °/a"  (10)  gypsum  board 
24"  (610)  maximum  for  Hi  (15)  gypsum  board 


Wood  or  metal  furring  is  required  when; 

•  The  frame  or  masonry  base  is  not 
sufficiently  flat  and  even, 

•  The  framing  supports  are  speed  too  far  apart. 

•  Additional  space  for  thermal  or  acoustic 
insulation  is  desired, 

•  The  use  of  resilient  furring  channels  is 
needed  to  improve  the  acoustic  performance 
of  the  assembly. 


Board  Thickness 

Lengthwise 

By  Width 

V4"(6) 

5'-0"  (1525) 

15'-0"(4570) 

5/s"(10) 

7L6"  (2255) 

25L0"(7620) 

1/2"(13) 

20!-0"(6095) 
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«  ,«,  iu  nb  sard  may  bei    ,   ..  idirc  tl\  ;.  tfa  un  l< 
*f  joists  #  16'    ".         fhedefle    on  of  1      ioororroof 
structure  hould  elimi    t   <   •    thoff!      >an.  For  improved 
re:  stanceJ    sound  transmission,  and   k  i  Id  i  ,  ing  tl  * 
gypsum  board  to  concri     o        I  joists,  i    iilientfurrin§ 
channels #16" or 24" (  k05o  '  'Si,  .   used.Forfire 
r    istanci   fype-X  board  i  ml  ;u   d;i .    /    2    USfoi  fii 
ratios  of  v  rii  u:  wail  n*  o  ilm       en !  lie 

Ceilings 


r  mg<   wires 
1                                                  f    ^  I-V2" (3  I    Idrol    Id  nnel 
\,                                                  ;     '       if  4!  (1220)  os. 

slZILs! 11          -— -                  ^_K~ZZ^^                 .     .                           — — - ~| 

izrise:;sssssiis:^^ 

:v  >sun  bo  rdrn  /  Is  > 
be  supported  by  a  grid  of 
i  irrifi    bannels     Ihung 
as  a  suspended  ceiling 


7 Iff  (22)  metal  furring  channels 
#16"  (405)  o.c,  clipped  or  tied 
to  main  channels 
/'•'  01 "V  "  (13  01  16) 
oypsum  board 


tw 


"^  Corn  r  n  inton    n  n1  .  p 

—  Top  plate  or  ceiling  runner 
■ hann  I 

~-  Woo*  orm  to  I  studs 

—  5ingl(  layer  construction 
consists  ofl!for5idn  (13  or  16) 
■  pi  im    illbi  11    i    toned  w/ 
drywallnaii  ors<    %     Adhe/,  \\ 
may  be  used  in  addition  to  na i f I n 0 
for;  m<  n  secun  bond 

-*■*  Resilient  furring  channels  are 
used  to  improve  the  sound 
i!  msmission  das:  ifi    tion 
(STC)of  thew,  lias    mbly. 


\» 


L/ 


V2"(13)tj/  l(  1 


Sill  plate  or  runner  channel 

,'  .,:-"«    netalsi  /in ,! basei 
required  t(  il       finish  the 

joint  at  thi  floor. 


UStif 


dan 


is  used 


todetei .  ound  transmission 
where  the  partition  abuts 
a  dissimilar  floor  or  ceiling 
material 

Multiiaye  a  nstruc  on 
may  be  used  to  improve  both 
the  in   n  (stance  rating 
and  sound  transmission 
classification  (5TC)  of  the 
1  dl       mbly 
Amastif   < hi  s  1  ,  often 

tsed  »j  »i  1  the  lay.  rsin 
[  iltilay*  <  >m  trui  tion 
joinl   ir  idjacei  blay    • 

honldbt    «     jeredfoi 
1    atei  .tiffne:  . 


0!    ;.  >  iti      of'  iris  ■ 
ill  ii    ,  ilin  |  a     <■ !  ;>'   . 
seeA.12-A.13. 


'  ornei  bead 


•  Metal  edge  trim 

*  Variou    wfilesa     ivaiia  fe 


•  External  ornersandexp         ,  ;- . 
iouidbe]    ntectedaf  in      ima  ] 
,    n   talcc  miei  b  •     ind  <  j 
trims  Mi    I  trim  a«       •  [uii 

finishing  with    join      mp  mnd 

Edges 


Walk 
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^~~. 

dem 

/■*  Surface 

/       bullnose 

if 

f\* 

) 

1 

1        J 

Trim  Shapes 


^ 


t 


•*  Countertop  trim 

-  Tile  curb 

-  Bullnose 

>•  Down  corner 

■*  Runner 

-  Field  tile 

j  Cove  base  corner 

^  Cove 

t  5urf  icebas; 


Typical  Sizes 


5/ie"(&)  thick 

4J/4"x4J/4"(ioaxioa) 

4 -Vx  6"  (100x150) 

6l!x0"  (150x150) 
5"  x  5"  (205x205) 
P/s11  (55)  square 
4%' (105)  octagon 
5"  (125)  hexagon 


Ceramic  tiles  are  relatively  small,  modular  surfacing  unite 
made  of  clay  or  other  cermlc  material,  The  tiles  are  fired 
in  a  kiln  at  very  high  temperatures,  The  result  is  a  durable, 
tough,  dense  materi  si  thati  >wati  mresi  tan  t,  difficult  to 
tain  mc   a  y  to  clean  e   colon  a  net  illy  lon<  1  '  d« 

Ceramic  tile  is  available  glazed  or  untaxed.  Glazed  tile  has 
a  face  of  ceramic  materia!  fused  into  the  body  of  the  tile, 
and  may  have  glossy,  matte,  or  crystalline  finishes  in  a 
wide  range  of  (  >lors  Untaxed  1  les  are  hard  and  dense,  and 
derive  their  color  from  the  body  of  the  clay  material,  These 
colors  tend  to  be  more  muted  than  those  of  glazed  tiles. 


Types  of  Ceramic  file 

Glazed  Wall  Tile 

GI  iz  dwall  bill  ha  >anonvi  reou  body  n  da  bright, 
1  ttf  orcrysl  illim  -il !  e,  i'"  Ifor:  irj  icing  i  Ceri< 
wall*  in  llighl  a,  •;>  fl  >oi  -     terioi  til  •   irc  W(  ithi  rpt  "i 
md  fro:  tproof,  indi  mb<  used  for  >othe  terioi  in  i 

i  it«  io  wall 


i  1  igii  S  | 

- 

I    ! 

a 

:  .  ill 
Ji.Jl'i 

... 

i 

i  i 

n 

!        : 

■  1 

■1 

L 

i 

i 
il 

~~ 

i 
j 

iMi  ; 

i 

Ve"  (6)  thick 
V'xl"  (25x25) 

1"x2"(25x51) 
2"  x  2"  (51x51) 
1"  and  2"  (25  and  51) 
hexagons 


5/6!'1/2''5/4" 

(10, 13, 19)  thick 
3"  x  5"  (75x75) 
4"  x  4"  (100x100) 
4"  x  6"  (100x150) 
6"  x  6"  (150x150) 
3"  x  8"  (205x205) 
6"and8"(150and205) 
hexagons 


e  am    loss  '<  Rl 

Ceramic  mi  ,  i<  till  m  \pora  laino  n  itui  ii<  lay  body, 
glazi  IT  '  uri  icing  walls o  ungla  edfori  >eoi  both f l<  i 
and  walls.  Porcelain  tile:  have  bright  colors  whit  natu  T 
i  y  till    h  >"<  m  i   muted  (    ot    fol  icilh  •  <  i  indling  md 
peed  ins  I  illati  >n  wall  tiles  it   u  ually  1  k  :d  with  paper 
or  backed  with  mesh  to  form  ]]%V  (305  x  305)  or  T  x  2' 
(30  j  x  610)  .ectiom  with  the  proper  tilesp.  cing. 


Quarry  and  Paver  Tiles 

'  larrytili  i  u    Ian    flooi   ile  of  natural  clay  o     >rcelain 
The  tiles  are  impervious  to  dirt,  mi   rture  md  moms,  and 
resist  intto  ret  ing  md  ibra;  i  m  I   vei  .  ii   similar  in 
con  aim  ont<     rami(  mo  ai  I  l<    bul  thicket   ndla  g<  i 
They  are  weatherproof  and  can  be  used  on  floors  subjected 
to  heavy-duty  loads, 


Consult  tile  manufacturer  for  exact  sizes,  shapes, 
colors,  and  glazes. 
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Fhin  install  i  i  quire 
a  solid,  dim  i  k  i  illy  stable 
backing  o\     psumpl    i 

gypsum  b    •    <    phj    v?d,  - '"~ 

!n  v  i  irea  in  un<  ith  ubi 
and  showers,  use  V2"  (13)  thick 

las   i  !-f  -  einf  irc&  con(  e  e 
backerboard  and  set  the  tile 
with  I  it;    portlan      mentoi 
dry-set  mortar. 
i  1,   onry    irfao     hould 
be  clean,  sound,  and  free  of 

ffloi    1  1  ■  •  '  !•  !  Iry-setor 
I    e;  ?ortl  md    men  morta 
is  used  k     t1     tile,  the 

iurl  iCi  should  i :  roughened  I  • 
ensure  a  qood  bond,  - — - 


Tliinset  Process 

In  the thi    et pro*       1      nictil.  is 
bonded  toa  continue)!      table  I 
with  a  thin     rtofdry     1  mortar, 
'  ix  portlai       meat  m  irtar,    »o 

:    •       .       :  10!  ! '    .    idh     ; ' 


Thickset  Process 

Inth     licksel 

tile  is  applied  over  a  bed  of  Portland 

menl     »rtar.  This  relatively  th 
bed  allow  >foi     •       eslop<  -and 
k,  The 
mortar  be  li    ,   3  not  affected  by 
prolonged  contact  with  water, 

-  Suitabii  I    ,'•■'<.  cement 
mortal  bed  n    0    \o  dnclu  ., 
brick  ore  i<       block  ma  «onry 

■  p.,,..  •-..      i    ■:'<"•< 
gypsum  plaster,  and  gypsum  board. 
Open  *tud  I  ■  -  m  ,  \  1 s  furring  can 
also  be  used  with  metal  lath. 

•*   Hi.  setting       \  hii  hisa  fit  Id  li 
of  portlan  I  en  n1    md  Mater, 
and  sometime    iydra1  A  lime,  is 
3/4''t(- 1"  (19  to  25)  i'i  k  on  walls. 

*   files  m  yh  laL  wit!  1  he"  (2) 
bond  co  \Xo\     itp     '  md  cement 
or  dry  s<  i  m<  I       ill  the  mortar 

till  pi.     (corset  with  a 
VettoVo1  p   ■    )  coat  of  latex 
portland  C(  n  nl  ifl  1  Ik  mortar 
bed  is  fully  cured. 


•  ■  tingbedis    I  a"  to  !" 

OaO  fn  R1'1  thirls  nri  finncc 


Suitabii  fl  w   Fo  I  Insel 
!,     illati  si    lud      n  1  t 
>Iab    •..:<  01  bl  wo  >d  '« <  • 
Concreti;  la      !■     lb<  smooth, 
level  and,  rop  rl     inforcedand 
cured;  a  li  s  lin     ippiru  1  - ,  be 
used  if  required. 


Doubl    roodfloor     insist  oi 
l<  i)minii  mi  ipl^  md 
>  TIo     n  I  in  ui     rl,  1 1  1 

of  It  0    'a"  (13  or  16)  1 

.;» u  t  pi;  w{    ,    '0    |  ,.  ,, 
should  I v  leftbetvo  n  h 
underlay ment  and  vertical 
surfaces.  When  using  epoxy 
mortar,  provide '/m  (6)g  p 
between  undei      i  n1  p  i 
indfill  ■;  hep  ; 
m  irnu     '  !     tionoftl        >i 
underfull  load  should  be  limited 
to  /     th  1         |    i 


mm 


nor 


li !      -   ! 

and  cured  concrete  slabs  md 
stem  toll      i       lywc 
u  'flooring. 
I '    mui    ;        ion  oft! 

floor  under  full  load  should  be 
limited  to  dseoth  of  the  span. 


s  cleavage  membran    mlal 

un     bled         ,  Hoy  ■some 

n   .,'« ndi  it  m      nentofl 

perl      •        'uction  to  occur. 
The  mortar  bed  should  be 
reinfore  ;h  or 

mesh  whenever  it  is  backed  by  a 
membrane. 
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j|          |  a  /rif;p  i;  m, a  '    i'jjH^   sj«j     l^ 

:    .  -■»  Solid  backing  of  masonry, 

'•„  ;  plaster,  or  gyp!  urn  board,  or 

!|  |  well-braced  metal  or 

1 1  dt     oo  l  frai  r  j 
-*  Scratch  coat  over 

||1  j|  netallatl  indrn  n !  •  m 

|    I  -      merit  mortar  s<  llitiabed 

..!    :  5M"  to  1"  (19  to  25)  thick 

•'    ,  -  Tile  is  laid    th  bond  os\  o\  neat 

1    '  poill  ind      lentdal     portland 

:  J    '  cement, 0!  di ,- :«« t  mortar, 
\\  ' ■ 

Cement  Mortar 


Smooth,  solid  backing 
»f  masonry,  pla    er,  ea 
.,  -[  mmboard 
Usf  cem<  i  |M  >usb  ckei 
board  in  we1  areas. 

Dry-set  or  latex-portland 

cement  mortar 
Ve"toV4"(3to6)thick 
' « r  mis  tile 


rhinsel  Mortal 


Smooth,  solid  backing 
o\  m  isonry.pl  ister  or 
gypsum  board 
Use  water-resistant 
gy  *  u  n  o  i  din  /el     ea 

Tile  is  set  with  organic 
adhesive  Vie"  (2)  thick. 


Organic  Adhesive 


In    -•  i  fti  ;  e    |j  - , 


Tile  is  laic  vtth  i  bond  <  oai  over 

a1J/4,,fo2!!(32to51) 

i  inl  rc«  "  mi  nl  m<  i      *  s 

!  |  nsi  n  joint  / 


-  lit-  is    t  with  dry-se1 

or  latex-portland  cement 
mortar  from  '^"toVV 
(3  to  6)  thick 

-  I  pai   •  ijoii 


Tile  is  set  with  organic 
adhesive  Vie"  (2)  thick. 
For  improved  water  or 
chemical  resistance, 
1  ,i  epo     rierl  ir 


Cleavage  membrane 
Concrete  slab  or 
,   ndwooi   mbfiooi 


i,  i      .i  I 


Cemen  !(!   i 

Inferior  Floor  Applications 


hii      Mi   ' 


Oi  (onii  "I,  ive 


'  m[ ;  •  '  fing 
Hleis        ith  bond 

1"to1-,Yi"(25to45) 

,  .  «.    I  cement  mortar  \n 
i1  rpi  'i '  mi '  ibrane or 
shower  pan 
'I  pedcon  ret<  I  ill 


Tile  is  set  with  organic 
idhest    -    i1     portland 
em  nl  mortar  over 

cementiti  >u  »bai  kerboard, 

VT1  (6)  space 
Flexible  sealant 

!3athtub<  or 


Tile  is  set  with  latex- 
portland  cement  mortar  ever 
, .  mi  ititiou  back;  ■  •   rd 


till           v/l    id  coat  over  a 
'74"(19)ci  menl  mortal  bed 
Cut  lath  and  mortar. 
Mi  nbi  m<  .» wdb  s< 


sramic  Tile   I    w 


Tile  Tub  Enclosure 


Tile  Counteifops 


Terrazzo  is  a  mosaic  floor  or  paving  composed  of  marble  or  other 
stone  chips,  set;  in  a  cementitious  or  resinous  matrix  and  ground 
and  polished  when  dry.  it  provides  a  dense,  extremely  durable, 
smooth  flooring  surface  whoso  mottled  coloring  is  controlled  by 
the  size  and  colors  of  the  aggregate  and  the  color  of  the  binder. 


Terrazzo  finishes 

•  Standard  terrazzo  is  a  ground 
and  polished  terrazzo  finish 
consisting  mainly  of  relatively 
small  stone  chips,  — — ——"""" 

-  Venetian  terrazzo  is  a  ground 
and  polished  terrazzo  finish 
consisting  mainly  of  large  stone 
chips,  with  smaller  chips  filling 
the  spaces  between,  — — — 

Metal  or  plastic-tipped  divider 
strips  are  used; 

•  To  localize  shrinkage  cracking; 

•  To  serve  as  construction  joints; 

•  To  separate  the  different  colors 
of  a  floor  pattern; 

•  To  act  as  decorative  elements, 

•  Expansion  joints  are  required 
over  isolation  or  expansion 
joints  in  the  subfloor.  They 
consist  of  a  pair  of  divider  strips 
separated  by  a  resilient  material 
suchasneoprene, 


Thinset  Terrazzo 


lithic  Itnozzo 


Chemically  Bonded  Terrazzo 


1-72"  (30) 

5/4»(19)*- 


*"•  D/s"  (16)  terrazzo  topping 

•  Wall  stringer   •- _ 

•  2"  (51)  minimum  x  "\ 


JOfitJ-iOiflitJil    161 1  U££W 


*  Concrete  sub-stair  -- — "^ 

Terrazzo  Stair 


■strip  at  all  control  joints 
metal  or  concrete  subfloor 


°/&a  (16)  or  thicker  portland  cement  topping 
Divider  strips  §  15'  to  20s  (4570  to  6095) 
o.c,  at  column  lines,  and  over  floor  beams;  avoid 
narrow  proportions, 
Rough-finished  concrete  slab; 
3-%"  (90)  minimum 


5/&"  (16)  or  thicker  portland  cement  topping 
Divider  strips  §  &  (11330)  o.c,  maximum 
1"%"  (45)  minimum  overall 
Mortar  underbed 
Rough-finished  concrete  slab 


D/s"  (16)  or  thicker  portland  cement  topping 
Divider  strips  as  per  monolithic  terrazzo 
Saw-cut  control  joint 

Smooth-finished  slab  w/a  chemical  bonding 
agent  if  the  concrete  surface  is  too  smooth 
for  a  mechanical  bond 


D/a"  or  thicker  portland  cement  topping 
Divider  strips  §  &  (W50)  o.c.  maximum 
2- Vz"  (64)  minimum  overall 
Reinforced  mortar  underbed 
Isolation  membrane  over  W  (6)  bed  of 
sand  to  control  cracking  when  structural 
movement  is  expected 
Subfloor 


Base  bead 

5l&"  (10)  terrazzo 

Underbed  thickness  may  vary  to  create 

recessed,  flush,  or  projecting  base  conditions, 

T,to1J/?T(25to3cT)radiiis 

Divider  strip 


Terrazzo  lose 
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Strip  Flooring 

Strip  flooring  is  composed  of  long  wood 

strips  3J/T'  (55)  or  less  in  face  width, 


Strips  are  matched  to  form  tonguesmd- 
groove  joints  along  sides  and  ends, 
Hollow  or  scratch  back  allows  edges  to  bear 
firmly  on  the  subfloor  surface. 

Flat  grain,  plain  sawn 

Edge  or  vertical  grain,  quarter  sawn 

Face  widths; 

1J/2",2l'2J/4,,!3J/4"(55)5t57J5) 

Thicknesses; 

Light  duty:  s/&",  V2",  5/a"  (10, 13, 16) 

Norma!  service;  2!V  (20) 

Heavy  duty;  mbf,  4]hf,  s/32fl  (25, 33, 41 J 


Wood  flooring  combines  durability  and  wear  resistance  with 
comfort  and  warmth,  Durable,  hard,  close-grained  species  of  both 
hardwood  and  softwood  are  used  for  flooring.  Common  species 
of  hardwood  flooring  species  include  oak,  maple,  birch,  pecan,  and 
cherry.  Common  species  of  softwood  flooring  include  southern 
pine,  Douglas  fir,  and  hemlock,  Bamboo  is  a  relatively  fa st-g rowing 
grass  product  that  qualifies  as  a  renewable  resource  (LEED  MR 
Credit  8;  Rapidly  Renewable  Materials), 

The  various  species  of  wood  flooring  are  appearance-graded,  but 

not  according  to  the  same  standards.  The  best  grades — clear 

or  select—typically  minimize  or  exclude  defects  such  as  knots, 

streaks,  checks,  and  torn  grain.  Consult  the  flooring  manufacturer 

or  one  of  the  following  organizations  for  precise  standards  and 

specifications; 

NOFMA     National  Oak  Flooring  Manufacturers'  Association 

MFMA      Maple  Flooring  Manufacturers'  Association 

SPIr)         Southern  Pine  Inspection  Pmreau 

VVWPA      Western  Wood  Products  Association 

NHPMA     Northern  Hardwood  &  Pine  Manufacturers*  Association 

Wood  flooring  is  available  in  strips,  planks,  or  manufactured 

blocks  and  panels. 


;eor 


strip  flooring 


Plank  Flooring 

Plank  flooring  refers  to  flooring  boards  that  are  wider  than 
3-V4"  (35),  End-  and  side-matched  boards  are  blind-nailed.  The 
boards  may  also  be  face-nailed  or  screwed  and  then  plugged.  Some 
new  plank  flooring  systems  can  be  laid  with  mastic  or  adhesive,  To 
minimize  the  effect  of  variations  in  humidity  on  the  wide  planks, 
3-ply  laminated  planks  are  available. 


15/52"  (12)  thick  -  -■     ^ 
0"  x  9"  (230  x  230)  typical" 
3/4"(19)thick  .... 


Unit  blocks  are  made  by  joining  short- 
lengths  of  strip  flooring  edgewise. 
The  blocks  are  usually  tongued  on  two 
adjoining  sides  and  grooved  on  the 
other  two  to  ensure  proper  alignment 
in  setting. 


Laminated  blocks  are  made  by  bonding 
three  or  more  wood  veneers  with 
a  moisture-resistant  adhesive  for 
dimensional  stability,  The  blocks  are 
usually  tongued  on  two  opposing  sides 
and  grooved  on  the  other  two  to  ensure 
proper  alignment  in  setting, 


Block  Flooring 

(slock  flooring  is  composed  of  square  units  preassembled  at  the 
mill  and  usually  installed  with  mastic  over  a  wood  subfloor  or 
concrete  slab. 


Slat  block  flooring  is  made  by  assembling  narrow 
slats  or  fingers  of  hardwood  into  larger  units  with 
various  parquet  designs,  The  blocks  are  typically 
5/ie"  (5)  thick  and  6",  12",  or  19"  (150, 305,  or  465) 
square,  They  may  be  prefinished  or  unfinished  and 
have  square  edges  or  grooved-and-splined  edges, 
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■'  i  id   trip  n<  pi  i  il  fl  v..  jrequii  sod  su  >fl<  >i   , 

base  of  spaced  wood  s\e  pel    Plywood  01  panel  subfloors, 
integ  al  parts  of,    ood  joist  floi     yst       raybelai    -   , 
otherflooi  3y  ten     swell  to       v  the'  ood  flooring, 
a--  I    Iwoi  I  >l  ep<  1  ,  -  usi  ;  K  required ovoi  com  re  i      ! 
to  receive    \  >> '  ml  floor  i    thv   inishwoodfli   ring,  I  his  is 
■  j  -     illyimportanl  U  pn  l,<     h«  fl  ori  i ,  roi  -]  ni| 
wi  '!■«'  i:  in:  I  lib  onci  x  eteslal    o\  mbeloi    \\  \d 

Wwibloi    fl  wingreqj  i    •  i  d   i  di  ,   >moo1  i  flal  surface 
such  as  ^  j  v  ".:  iuH  o  >i  o   md   ',  /m  n1  '  hilel  h     til 
can  be  applied  1  3  the  m  fa  \o\    dry  con  1  te  >lab  ii  is  best, 
especially :,  *ase  1  nts  to  lay  t  jflooringo^    a  plywood 
,1  7f\oc  '  «  d    a  porba  riersetoi    1  ?ated  wood  sb  p    3 

Wood  flooring'  ill  ihrini  a  d  »  ell  i<  H    noistui   c<  i1  nl 
changes  with  v   iatiom  in  ttm     'herii  humidity.  It  should  not 
beinsl  died  1 «  il  to  buMl  \q\  •    close-    n    narii  n1  lighting 
and  thi  \\  itii  gpl  in1  ireinsl  died  11  ■'  III  lil  lificjm  i1  ri  I 
!<  «■(.  fl    .   od\  o\  \q     ou\  lb      wedfoi     •    al days 
in  bhespm  ^b   ei1  willbi    ts1  illed  toalh  wthe  floe  in*  to 

become,  ■  limal  dtf  tl    or  conditions./   the  flooring 

is  in  tallet    f    3  hi  fldh  provide  !  il  ng  trv  perim  terfoi 
ventilation  and  expansion  of  the  flooring. 


Strip  Flooring  over  Wood  Subflooring 


>a    board  trim 

Strip  flooring  run 
perpendicular  to  joists 

151b.  building  felt 

1  Sywoodoi  panel  ml  ft 


Floor  joists 

Provide '  p  .  •  01  ventilation 
in<  •  (pan  ion  >1  vo<  i :  0  m  ,e 
il  mcj\  1  p  1  mi    [ 


Poly*  thylenefiim 

2x4  or  two  1x35 

Treated  wood  leepersset 
in  mastic  i  16"  (405)  o.c. 
Sleeper   n  <v  \>i  set  on 
spring  steel  h  11'rs  or  other 

resilient  cushion, 


Flooring  set  in  mastic 


1  <  5  ry  .1  0 1  rati 

topping  is  used  to  provide 
a  smooth,  level  surface  for 
the  flooring 


Strip  Flooring  over  Concrete  Slab 


'   pot  barrier for  concrete 
lab  wnqradi 


loom       in  mastic 

Tongue-air  q  •    ve  plywood; 
3/4,[  (19)  minimum 


Provide  ?p      i  ■•  /entilatton 
and  expansion  of  wood 
flooring, 


'/  pot  barri  rfor  i  n<    U 
slabs  on  grade 


Hock  Flooring  over  Wood  Subflooring 


Block  Flooring  over  Concrete  Slob 


18      '  Wife  FMIOBIMK 


Stone  flooring  may  consist  of  sandstone,  limestone, 
polish*  d  marbii  oi  granite  or  split-face  slate.  Consideration 

;l  uldbi  given  ti  th  col  i  md  texture    f  the  stone  finisi 
its  abrasion- and  ilip    -  istan  s   is  well  as  th<  additional 

dead  load  the  stone  wsil  impose  on  the  floor  structure. 
:  ton;  flooring  !/2f1  (15)  thick  weigh  *aboi  t7.l  ps1  (5591  a). 

The  tiles  or  slab  -  nayb<  laidinregul  ii  ■  i  irregul  n  pattern: 
over  a  portland  cemenl  mortar  bed  in  a  ma  nei  similarto 
the  installation  of  ceramic  tile  flooring,  Thin  stone  flooring 
may  also  1'.  applied  using  the  thinsel  proses;  See  10.13. 


Cutstom  fioorii  ji  nil    'aryintl    knessfrom 
Va"  to  2"  (13  to  51). 

Portland  cement  grout 


T'to  1  /:  (25 to     ,■  -  tlan    ei  enl  mortar 
bed    '  •  ■    •■■  :  "  ' -•■• •  n •  ii 


— -  Waterpi  >oi  mi  n  bi  in    >i  1  mentitious 
back)  b<  trd  •»   *pl  vo  d  'ii  Fl  ot 

— •  Cou  reti  slal 


Thin  stone  units  from  Va"  to  Vz"  (6  to  15)  thick 
Ai  rylii  1  ite;  irout  so  1  thin  toni  u  n'1 
may  be  set  with  tight  joints. 


baondcoal  ol  i  itex  portlandQ  nenl  mortar; 
Va"  (6)  minimum 

Plywood  subfloor  or  cementit  ious  I  ackerboard 
ovi ,  plywoo  I:  ii  floo 


—-*  Concrete  slab 
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■esilii     floi  ring  m,  e ;  i  .  .  sd     i. ,  im  mic  I,    kirn  !  ■ 
dense  n<     <     ■  ,  •        ings      cetn      *  durable  am 

<  «i'  ni  in      irdegi     >f  n  >ilii  ncc   n  :,i   ithem    >re;  i  1 
. . ,  ii  m  i1  inv    tation  and  contribul        th  ii  quietness  and 
comfort  und    P<   I  How<  11  foi    I !     i  isfli  ml  ::i"  'covering 
i     oweverjepi  id  m  I  o  1;  onil    resilien    bu    Isi   m  ! 
ba    ngand  hi  '  ird      -ofth?  .uppo  ting  ubsti  tc 

Noneof  i  '•  n  ilientft  >rin^  ,  >*   i<     ip  iriori    II  r  ipe< 
Listed  belo        tto  typ    thai  perform   ,  I  in  spec  fi    .   i 

■  Resitb  it       d  put  tness;  co      :     i  bbe  til 
homogeneous  vinyl  tile 

•  Rf  ii  )1  ih«  t(  n '  nt   it  i  b  m  g<  neons  /inylti! 

inylsh       ori   il  v<  lw  ylos   ting 

•  ;»      resistance:!  il  b  rtib  horn  -o.  i  om    inyl  till 

•  Alkali  resistance;  cork  tile  w/  vinyl  coating,  vinyl  sheet, 
h(  ■  i  >g  n.  i  u  s  i  lyl  til  ,  i  n  bertiie 

•  Grease  e  i  I  inc<  vinyishf  i  !  rm  jeneous  vinyl  tile, 
cork  tile  w/ vinyl  c  atingdinoleum 

•  Di    '  IH  /  torn;  < ,  i  ou:  ■  inyl  I  I   vinyl  .  i    i 
vinyl  composition  tile  rubbertile 

s  Ease  of  maintenance:  vinyl  sheet  homogeneous  vinyl  tile, 
inyl  cm  ipo  ition   le,  cork  tile  wl  is  yl(  >ating 


Wood  Subfloors 


Concrete  Subfloors 


uri  mu  i  nooth.firn  lean,  and  r 
Double  ley  <  ioorconsi  >fhai  Ibo  ,d 
underlayn  n  •  r  i  i  /  '  (6)  thii  i  o\  sanded 
piyvw  dum  ■■  /n  i1  , 1.  /  (10)  thick, 
laid  with  1  I  id  m  in  perp  ndii  flat  to  floor 
joists  or  to  flooring  boards. 

Single  layei  '^m  dm  i  con:  i  •:.  of  combination 
ul  floor/  ii  leriayi  len  pat  te, ;  ;.  si   •  '  (16) 
thick,  laid w  i     h<  fac<  pi      rpend    lat  io  floor 
joi  t:  o\   •>,: ,  m  ,  board  ;  - 

Surl  \ci  m  '    b£ «  n  n  th  len  ii  cl  in  a  id  Iry. 
,  '   -        ',  •    !''-  to  *'>i    infi    ei    on   <  te 

opping  over  prei  stslal  >•'-'>    ligl  I  urn  I  con  ;ret< 
slabs,  provide  a  1"  (25)  concrete  topping, 
Provide  a  moisture  barrier  and  a  gravel  base 
under  concrete  slabs  on  grade. 
For  concrete  slabs  b<  low  grade,  provide  a 

*  I  r|  oo\    ( nil  ml  -  u»  •  ^    2"(  31) n  id  slab 
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Flooring  Type 


Components 


died  ies 


Sizes 


Perniisslbie  Location 


Vinyl  sheet  vinyl  resins  w/  fiber  back  061  0"(2to4)    6'to15t(1&30to4570)wide    BOS 

Homogeneous  vinyl  tile     vinyiresins  Vie"  to  Ve"  (2  to  5)         9"  x  9"  (230  x  250) 

12"  x12n  (505x505) 
Vinyl  composition  tile       vinyl  resins  wl  fillers       .050"  to  ,095"  (1  to  2)    9"  x  9"  (250  x  250) 

.'■:-;ise::-:-.:tiM 

Cork  tile  raw  cork  and  resins        Va"  to  V4"  (3  to  8)  6"  x  6"  (150  x  150) 

9"  x  9"  (250x250) 
Cork  tile  w/ vinyl  coating    raw  cork,  vinyl  resins       Va",  3/i6"  (3, 5)  9"  x  9"  (230x230) 

;:5-s-!sv.a;d''mn 
Rubbertile  rubber  compound  5/52"  to  3/i6"  (2  to  5)       9"  x  9"  (230  x  230) 

12"  x  12"  (505x305) 
Linoleum  sheet  linseed  oil,  cork,  rosin      !/e"(5)  8' (1&30)  wide 

Linoleum  tile  linseed  oil,  cork,  rosin      !/s"(5)  9"  x  9"  (230x230) 

12"  x  12"  (505x305) 


BOS 

306 

5 

B 

BOB 

5 
S 


S:5u  pen  1  I 


0:  On  erade 


,    >el     -\ 


j 

1 

. 

! 

radej 

t: 

ve 
for  resilient  flooring 


lilMMMiilMiaill 
Straight  base 
M       a   • 


2J/21,,4",8" 
(84,100,150) 
I  hi    h 


Top  set  cove 

fo   -ii;  i!   -ring     p 


-    ind     j    i     i 


■    •  ,"      iilii  ntfl     ingacce    or 

lilablefoi   ,«  *    /all  I  tses,  stair 
n.   1  g    n   tr  .^'    1 1  Ithre  h  U 


CSI   I        orm  5  (      esilienl    ooring 


(0J.2C 


.os,  «^>  ,:>;<; 


Carpeting  provides  floors  with  both  visual  and  1  xtural 
softness.,  resilience,  and  warmth  in  a  wide  range  of  colors  and 
patti  ■!  k  Fh '  h  qu  ilitie    in  turn  .  nable<  irpi  ting  to  tbsorb 
si  un  1  redu    impact  noi;     i  id  pn  vi !-  i<  on  i    tab  I    ind 
safe  surface  ti  w  II  on.  A;    group    irp   iugi  also  fairly 
easy  to  maintain, 


"  si   j1   iber? 


'    p<  ting  aion  wv  in  I  ill  \\     II    j wall    ov<  ing  the 
entire  floor  of  a  room.  It  can  bi  laid  directly  o    rasubfloor 

and  und  rlayrm  nl  pad  obviating  th  nei  Ifoi  i  finish  floor, 

It  can  also  be  iaid  over  an  existing  floor, 

Cofpet  Construction 


Nylon;  ph  a  mi :  mi    it    fiber;  excellent 
W(  ■  il  jlity;  .<  ii  indrniidi    i    istant; 
anti-stati  p   pi  ti  >  .<  iev  d  through 
theuseofcond  icti     ilamenl 
Polypro  yli  n    ']i  fin):*  oodi  "  I  >la  id  to 
!      ion     i1  .ii  !. i  I I  ••  '.'    I    ti  nsively 
in  outdoor  carpeting 
Wookexo  llentn    liencea  id  warmth; 
good  soil  I  im    ind  <      itresi  stance; 
cleanable 

,  .  ryl      pproximati       .  Is  i  ;  pi  irat  e; 
goodi  ru   in   is     icea    »istur    -ad mildew 
resistant 
i  >ly  .  n   in  ■ 

■tii  ibil      if  nylon:  good  soil    .  -  ; ,    >ioi 
;,  iis1  in  •  low  cost 

Cotton:  not  as  d  irabl    isotl     fac<  fibers, 
but  softrti    i  indeoloi  ibilit;  u  ed  to 
advantage  in  flat- woven  rugs 


at 


1 '  '  ! 

'"'  WW    ./■:'■''•; 

tufted  car]   I  i  m  di  a  met  ii !  lis  ill      ,    hing  pile  yarn 
th .  ugh  i|  rim  n    fa  I   cbackiii    rid  bonding  the  yarn 
with  latex  to  a  i     mdary  backin    th  majority  of  carpet 
produced  ,.  day  i:  I  ifl  •! 

Woven  carp  I     madebysimultai    asly  interweaving  the 
backing  a  I  pi    /arn  on  a  I  on  Woven    •  pi  I  is  longer 
".  iririi   a,   n<  r<  -1  bl  tl  in  ufti  '     rpel  hit  il  ismore 

expensive  to  produce. 

:  •  il  '•• :     pel     m  di  byloi     igthel     kin ;  stitching, 
and  pile  /a       ithtl       »e1   of  a  ledles. 


Fusion-b<  nd  a.  irp<  t  •  m  id  by  he  il  fusin  •  face  yarns 
toavinylbai  kin*   »uppc  rl  aim-  thermati  ri  il  - 


1 !  i  th  fibi  rsarea     urceo     i      hai  nfu 
to  ih'  n  »pii  itory  system    i  .,■  also  ield 
o  •    ume:  vh  i  burn   ]      ect carpel 
carpet  adl  •  m  .,  ii  I  carp  I  pads  that 
have  passed  the  (  irpel  and  Rug  Institutes 
i    •'    forindooi  iii  [uaiil  /  l;>  '   g   I 
and  Rug  In  th  il    ilsorecoi  n  u  ndsthat 
ventilating  fans  be  op<    i1    >  >\  w     i  pacify 
andjl  po  sibl    dooi     nd  'indowsbe 
opei    I      ma  imi  m    itil  ition  during  and 
for4oto72houi     ftei  n;    il  rl    n 


i 


Flo-  kedi  i  p    i  m  i     !•,  |  ro|    ling  .ho  i     rands  of  pile 
fih     lectrostaticall    ig  in     in  idh    ;,>  •  ■  at  dbacki  ; 


Nei  at  i  un  h  Ii  irp< !  i  nadi  b  t  un  hin ;  irpel  fibers 
back  and  forth  through  i  mr  >  n  poly)  ropyf  n  sheet  with 
ba  bed  ni  edl   .  o  form  •    1  od  fib  i  m  i1 
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*  CMp{,'\.  i.  '• .  :  i .,'...     '<  'Li!  i libber, 
felted  i  nim  ilh  ir.oi    ite.oven  hichi  jq  :1 
i  ",i  .>  i.  '  o  \c\    s  resilienci  1 1< 
comfori    npro\/(  li  i     lityo  d«.     rp 

and  reduce  impact  sound  transmission, 

jrpc  Tei  •  •  s 

After  color,  texture  is  the  prime  visual 
characteristic  of  a  carpet,  The  various  carpet 
textures  m  ilabl  are  an  -  iH  of  the  pile 
i  instru  tio    pii    ii  el  I   md  th<  m  n  i    in 
which  the  carpet  is  cut.  There  are  three  major 
gi  u\ '  ".  t  trj   i  te;  urei      cu1 1  il  •  loop  |  k 
andacon  binatioi  ofcul  i  or,.  >  >il 


Backing  is  the  i  undation  material 
urii     he  pi    yarn    H    carpet 
and    ovldi  §  il  /itl    tiff 
eta  m. :'. ,  i  J  linii  n    m  ih  abili'1  •, 


-  Pi   reT     totheu)     hi     I    -     • 
forming  t      urfao 

•  i  il  ■  » i \       th  ,  '•        •■    '     in 

c  rpel    •      diri(  uni  •  pel  squ       '  rd 

•  i  iled  nsil      the wei  |h1   fpile\  irnj     .  ii 

.  t .  -  •    ar\       tated  in  ounces  pen  ibic  yard. 

•  Pitch  is  th)  c\  >-  wisei  umbei  o\  u   -\  arming  pile 
yarns  in  i27"(<  ■•'  5)  •  idtl   »i  '<  e     irpet, 

-  Gaugei     i  •  t.  .  , ,  -  -  ift:    ■  «  •  th<  wi  h  i 
i    itufi    lorknh    .  ..'  pi  I     pi     edin 
fractions  of  an  inch. 

Corpef  Termifiology 


Plush:  sirii  ot!  cu  pit  ;cu1  ■  in  .  nd:  blend;  called 
vi  is  I  plu  ?hvvheridi  nsepit  i  >  ml  cl «  :!y 

Saxony  plus!      ci  ir  be     en  plu  'send  shag; 
thiols  -  yarn 


( ;  tpile  is<  reated  by  cutting  t  eh  loop  H 
pile  yarn,  |  r<  lucing  i  -  no  oi  te  cure?  from 
informal  sh  ig  to  ho  t  den;     .  Ivets,  _ 


Twist  or  hi   e;h(  ivier,  t  >ughi  r  extra  :  han  plush; 
twisl  >e1  inti  /am 

Shagiheavii '  textured  sui  icect    ted  by  long, 
i  v  / 


Loop  pile  is  crested  by  weaving,  tufting,  or 
,.  s  tii  g  th  pil       nintoloof      oo    »1  i 
1  iUcjh  •  !-  !■  ion  .  •  ;i  m  iin1  i  led  th  incut 
pile  but  is  I     ivi  i     tit  m    >loi  md|  itt  rn 


Combination  loop  an  I  pit  addsadegra  o\ 
warmth  i.  all  loop  pil  ,  Itcai      ;  reduced  in 
tuft    h  ii  vow  i  construct!  >ns. 


ADA  Accessibility  Guidelines 

•  Securely    tacrn       I  to  a  firm 
,!!  *dr  laym  i 

•  (S.irpf    Monk     i     ilev    ■ '-)  pit ,;    e\\oo\ 
ti    uredl  so        u      i    loop      ture,  with 

m    imumpil    leigh    if1/    (15), , -~~~~ 

s  Fasten  an    rim  llexp*  .. .     ■  jestothe 
floor  surtaee, 

•  Bevel  edg<  ;rim1       lop    f  1:20  if  na 
than1// (6)  high. 


level  loop:  t  o\  d  uft  an  itth  :   m<  height;  very 
turd    little  te  tut  i  'a    itii  n 

Ribbed  loop:  i       ,    dire<  i<  n  I   ibbas  < 
oi  If  jated  textu  i 

Hidoloop:  < ,      not!      Iim<     ioi  to  the  loop 
texture 

■  m  Itile  elloop;     pableoi    •    icin<    culpti    d 
patterns 

u  an  loop:cutandui      :  lateina 

uniform:    ' .  ■:  ■   '       .     e  of  softness  and 
loop  1     u     symn     icalgeometi 
fi ,  ires  m  ■    ■ .    tedi     uti 


J     r!    |:  -^osiom   >;  /.y.-  ni  .;■ 


Acoustical  ceiling  tiles  are  made  in  various  sizes  and  textures  from  a 
soft,  sound-absorbing  material  such  as  cork,  mineral  fiber,  or  glass  fiber. 
These  modular  units  have  perforated,  patterned,  textured,  or  fissured 
faces  that  allow  sound  to  penetrate  into  the  fiber  voids,  Because  of  their 
lightweight  and  low  density,  the  tiles  can  be  easily  damaged.  To  improve 
their  resistance  to  humidity,  impact,  and  abrasion,  the  tiles  may  be 
factory-painted  or  have  a  ceramic,  plastic,  steel,  or  aluminum  facing. 

'»  Acoustical  ceiling  tiles  are  manufactured  in  12"  x  12"  (505  x  505), 
24"  x  24"  (610  x  610),  and  24"  x4d"  (610  x  1220)  modules,  Tiles  based 
on  20",  50",  40",  and  60"  (510, 760, 1220,  and  1525)  dimensions  are 
also  available, 


—  Typical  tile  thicknesses:  Vz ",  ''!&",  :1^  (15. 16, 19) 
•  Tiles  may  have  square,  beveled,  rabbeted,  or  tonguewand-groove  edges. 


-  Metal  pan  tiles  consist  of  a  steel  or  aluminum  pan  having  a  perforated 
face  and  containing  a  separate  layer  of  sound-absorbing  material. 

Consult  the  ceiling  tile  manufacturer  for; 

•  Sizes,  patterns,  and  finishes 

•  Noise-reduction  coefficient  (NRC) 

•  Fire  rating 

•  Light-reflectance  value 

•  Suspension  -system  details 


maintained  eve 
ise  surface. 


ugbth 


aster,  or  gypsum  board  is  required. 
;  that  allows  a  true,  flat  plane 
may  be  slight  irregularities  in 


Set  with  Adhesive 


Fastened  to  Furring 


1x3  furring  strips  §  12"  (505)  o,c,  are  used  when  the  base  surface  is 
not  flat  enough  or  is  otherwise  unsuitable  for  the  adhesive  application 
of  the  ceiling  tiles.  Cross  furring  and  shims  may  also  be  required  to 
establish  a  flat ,  level  base. 

Tiles  should  be  backed  with  building  paper  to  provide  a  draft- tight 
ceiling  surface. 


Sprayed  On 

Direct  Application  of  Acoustical  Ceilings 


Acoustical  material  of  mineral  or  cellulose  fibers  mixed  with  a  special 
binder  may  be  sprayed  directly  onto  hard  surfaces  such  as  concrete  or 
gypsum  board.  The  material  can  also  be  sprayed  onto  metal  lath,  which 
provides  better  sound  absorption  and  permits  curved  or  irregular 
ceiling  shapes  to  be  formed. 


CSI  09510  Acoustical  Ceilings 


Acoustical  ceiling  tiles  can  be  suspended  from  an  overhead 
floor  or  roof  structure  to  provide  a  concealed  space  for 
mechanical  ductwork,  electrical  conduit,  and  pfumbincj  lines. 
Light  fixtures,  sprinkler  heads,  fire  detection  devices,  and 
sound  systems  can  be  recessed  into  the  ceiling  plane.  The 
ceiling  membrane  can  be  fire-rated  and  provide  fire  protection 
for  the  supporting  floor  and  roof  structure,  Thus,  the  ceiling 
system  is  able  to  integrate  the  functions  of  lighting,  air 
distribution,  acoustical  control,  and  fire  protection. 

Although  the  suspension  systems  of  each  manufacturer  may 
vary  in  their  details,  they  all  consist  of  a  grid  of  main  channels 
or  runners,  cross  tees,  and  splines.  This  grid,  suspended  from 
the  overhead  floor  or  roof  structure,  may  be  exposed,  recessed, 
or  fully  concealed,  In  most  suspension  systems,,  the  acoustical 
tiles  are  removable  for  replacement  or  for  access  into  the 
ceiling  space. 

Integrated  ceiling  systems  incorporate  acoustical,  lighting,  and 
air-handling  components  into  a  unified  whole.  The  suspension 
systems,  which  typically  form  a  60"  x  60n  (1525  x  1525) 
grid,  may  support  either  flat  or  coffered  acoustical  panels, 
Air-handling  components  may  be  integral  parts  of  modular 
luminaires  and  disperse  conditioned  air  along  the  edges  of 
the  fixtures,  or  be  integrated  into  the  suspension  system  and 
diffuse  conditioned  air  through  long,  narrow  slots  between 
the  ceiling  panels. 


Main  runners  are  the  principal 
supporting  members  of  a  suspended 
ceiling  system,  usually  consisting 
of  sheet-metal  tees  or  channels 
suspended  by  hanger  wires  from  the 
overhead  structure, 
Cross  tees  are  the  secondary 
supporting  members,  usually  consisting 
of  sheet-metal  tees  carried  by  the 
main  runners, 


Exposed  grid  suspension  systems 
support  the  acoustical  tiles  with 
inverted  tees, 


Recessed  grid  suspension  systems 
support  acoustical  tiles  within 
rabbeted  joints. 


Linear  metal  ceilings  consist  of  narrow  auodlzed  aluminum, 
painted  steel,  or  stainless  steel  strips,  The  slots  between 
the  spaced  strips  may  be  open  or  closed.  Open  slots  permit 
sound  to  be  absorbed  by  a  backing  of  batt  insulation  in  the 
ceiling  space,  Linear  metal  ceiling  systems  usually  incorporc 
modular  lighting  and  air-handling  components, _ 


Concealed  grid  suspension  systems  are 
hidden  within  kerfs  cut  into  the  edges  of 
the  acoustical  tiles. 


CSI  MasterFormat  09  53  00  Acoustical  Ceiling  Suspension  Assemblies 
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'OOD  JOilTS 


?carf  joint 


End  Joints 


•  Square 

splici 

•  Fingerjoint 

x'       *   Sack  batten 

s*$$ 

*- — -  Batten 

>~"^s  fillet 

^•~ '•  Spline 

-—- ~~*  Shiplap 

^r— «  Tongue  and  groove 
•^    ./'  Dowel 
/     •  Dult  rfly  )  d(\(  N 

The  strength  and  rigidity  of  ordinary  wood  framing  are  more 
important  i  t<  n'tsappe  ranee  be<  luseit  is  normally  covered 
with  a  finish  surface.  In  finish  trim,  cabinetry,  and  furniture 
work,  ho  ev  •    heapp*  it  ma  of  a  .  a !  join  becomes  ju  t 
as  import  ml      I  >  3tn  igtl  Small   call  .  <  rk  requires 
mor<    ophistical  :dandrefii  si  joints  th    pre  ei  i  ,j  leai 
appearance, 

Wood  joints  can  express  the  manner  in  which  the  members  are 
conn  cted^rtheycan!    "hi  yelyim    isph  ions  In  either 
case,  they  mus  remain  tight    fthi  'open  dm  i    I  <  shrinkage 
or  structural  nwem  nt  if  the  wood  \\  y  becorm  both  weaker 
and  more  noticeable, 

In  lesigning  mds  it  trui  i  nqavm  joint  it  i  dm)  orl  ml 
toundei  a  mdth  ba  ,f  natun  of  th*  a  m\       \\    tensile, 
shear  fort/  >  acting  on  th  )  int   ind  <  ,  )mprehend  their 
r  I  itiom  hip  i  >the  lirectionofth*  wood  gi  tin  Sei  12,11 


Edge  Joints 

•  Dado  joint   — 

•  Dado    arei  tan  jul  ir 
groove  cut  in  a 

n  mbi   ton  ei 
the  end  of  another 

•  Stopped  dado  is  not 
cut  across  td      ll 
iA/idthofamemb  i   - 


I  ibbf  tjoinl 


is  lo  in  i;  ibbt ! 


i 


Dovetail  dado 


Dado,  tongue,  and  rabbet 


Miterjointismadeby 
i  tilting  t  ichof  the 
butting  surfaces  to  an 

ingli  i  -f   I  to  half  the 
angle  of  junction, 
Quirk  is  an  acute  angle 

i  §  o\     ,  par,  ting  >rn 
element  from  another, 

:  houl  lermitei  h  i;  t 
raised  surface  to  limit 
motion  betwei  \.  Die  joined 
p  trt 


!  i  u  Imitei 


Angle  Joints 


Miter  Joints 
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End  lap 


Cross  lap 


Mitered  halving 


Halving  refers  to 
cutting  away  half 

of  each  member  at 
the  place  of  joining 
so  that  a  flush 
surface  results, 


Lap  Joints 


-  Lap  or  half  blind  dovetail  •  Secret  dovetail  or  blind  miter        •  Dovetail  halving 


Dovetail  Joints 


Blind  mortise 
and  stub  tenon 


Foxtail  wedge  spreads  and 
secures  a  stub  tenon  when 
driven  into  a  blind  mortise. 


Pinned  jo 


~*  Through  tenon 


Keyed  joint 


Open  or  slip  mortise 


Haunched  tenon  is 
strengthened  by  a  beveled 
shoulder  at  a  blind  joint,  ,. 


Mori 


21 


)od  siiii&sifif; 


,f 


Crown  moldi  ig  •  en  inati  thetoj  of  a  wall 
or  built-up  cornice. 


A  coped  or  -  .  bed  joint  is 
us    win  n   •!'  ipedmol  ing 
meet  at  an  interior  angle, 
It  is  made  by  sgu  ire  cutting 
onemoldii  |  against  the  wail 
surfai   and  Chen  undercutting 
the  other  molding  to  the 
profile  of  the  first, 
Mitered  joints  an  used  to  join 
molding!    t  exterior  angles, 


Cornice 

•«  Cornice  is  a  molded  projection  that  crowns  a  wall  or 
divides  it  horizontally  for  compositional  purposes.  It 
m  ,/!„  forme*  imply  with  a  <  rown  Holding  >i  /■  bi  il 
up  with  a  number  of  moldings, 

»  Picture  molding  i  ho  i  ml  ilm  Idingn  at  aceiling 
from  which  pi<  ture  •  inb<  .u  p<  rid  I  with  cord  and 
hooks,  11  is  oft  i    itegi  ted    it!  i  cornice. 


•  Friezeisadei  01  iti  : ban !  Ion » th     >»,',i  in  interior 
wall,  immedi  i    \,     \o\    hi  con  ice, 


(  ov  m  >ldi  igSi 

the  transition  between 

m<     i  ■  i     '  ■• 


Relieved  ba<  I  redui  esthi 
tends  ii>  yfoi  i  wide  1   nipieci 
to  cup  and  allows  it  to  fit 
neatly  against  asurl  \a 


1 

s 

i 

es'"yi 

\ 

< —-._ 

•t"\ 

r 

m 

?. 

{ 

s"Z-^ 

! 

MIS 


*  Flat;  i  ilisai  rrow   half  fi   <    lo  1 1  i  wail  and 

j    m  I  to  hold  p  i1     for  on  mi  nl  oi  -  h  pi  y 

•  Chair  rail  is  ihor  i  >n1  ilm  -I  lingoi  in  in  i  riorw,  II 
placed  to  pn  entth  bad  if  chairs  from  rubbing 
iga  nsl      Id  im  ging  hi  wall  url  ii 


Baseboard 

j  I  iseboard  .  '>> > ,    in,  fin  h  I  k  joint     hi  < 
sidew      m<     I     floor.  They  may  be  a :   tar  mi  Iding 
orincorpo  it<  a  cap  molding  md  base  shoe. 

j  The  base  shoe  is  flexible  enough  to  conform  to 
irregularities  in  the  floor  surface. 


CSI  MasferForrnaf  06  22  00  Mtllwork 


1 91    "       rim  •  /,  ri  fy   fstoi  md\  ioldin   ■  we 

vailabl    I    it'lii     I    sop        •  '-  ,      ection, lengtl 

ind  species  of  wood,  They  can  be  u  *  in^Iyorbe 

o\  ibin   i  to  form  i  lorecom  >k   •  .  t  mi  In  i  Mil  ion  to 
hi       to      c  i( .     *>"-',  tol  ling  w    b<  milled  1 

custom  specifications. 

i"hi    ypeoi  w  o  "-  d  :•    trim  Co;  d  on  Is     p  ( i 


finish  to  h     plied    "-■     oodw    s For  pah    d  finishes, 
th  *■•../  •  ihi  ul  ib<  close  c  lin  d»  sm*  oth  in*  :    e  oi 
>i  ;h    'xt  ks  oi   thi  i  impel   i  tio  i    H  h    vo  d    i ! 
;on     i      transparen    i  na1  i  il  I  m  h  I  i  ',j<  ■ 
•  h  >ul  lhavi    un  form  color,  an  attrad   ■  Figu     inda 
degree  of  h   dn 

interior  1  imi    lorrn  ii!  a  pli  I  sfi  r  the  fin  hwa  '■ 
;il  10    ndfi    1 1.    in  inpla    Ai  h<  u<  I  lei  )i        in 
ia1  'i    mi.  iot  ;ri  ul  o  •    n    t<    ona   I  ;  nisb    nd 
perfect  thi  j<  in1  » between  inti  ri<  i  materials. 


Shaped  moldings  must  join  at  a  mite  red  joint 

•  aprm  IdinCjinayten  linati  th  ^~,^ 
head  of  a  window  oi  d  ><  rway  ■ 

Jamb  or  side  casing  butts  | 

into  a  omare-cuth    d  casing         L ,_ 

especially  wh  n  the  ie<  di  ising  I  /     I 

thickei   hai    '  t    id    ;     ig.  :         1 


"dh" 


V4"to3/8,!(6to10)revea[typicalc 
r<  w?a  n  Fei  >to  the  pa  toi    ;  imb 
thatisnoi   ovi  red  by  a  window  or 
d'-;;  casing 


'mmm 


H  ad  and    nb     >ini    for  windoi 

nd  •<   rwaysai   q  nei  Ilyti    i1    lin 

im    i   tannei 


wmmzm 


Casings 

-  Headend  (ami   a  >ines5  conceal 

nd  finish  Dh<  joint  oi  g  pi  twei  n 
doorAnd  vindo    n  n<  5  nd  hi 
surround!    w  ill  urfao 

-  Windowsilh  b  rs  to  the  horizontal 
hoe  f  irmi  Ibythi  >to< !  -  thi  ba ; 

i  n  «'iO. wop  ning    hi  « ilh  i,  / 
cut  to  fit  between  thejambs  of  a 
win  lo  'ord<  ■  opi  ning  <  >      end 
beyond  th  :jam  wat  '■>,.", 
-»  Apronisafial  |  let     Ftrh 
immediately  ben  ath  the  stool 
oi  awindowsill. 


A  corner  block  can  be  used  to  join 
m  ■     .i   ipli    (  ■  jin  |  si    ion; 

The  term  architrave  refers  to  the 
(  s  ing  i  tat  si  rround;    wind  m 
or  doorway  <  p  i  iaily  vhenitis 
continuous  with  the  same  profile. 


5li    (    iw,  h  '  I 

leas   t    hickorthic!  ,   k 
h  I"  eboard.  _ 


A  plinth  block  may  be  used  to 
i  mmin  tte  s.jambc,  anojabov 
the  floor. 


VI      WOfiFi  PANKMtM 


~-  Cornice 

—  Rails  and  stiles  surround 

the  panels. 
-*  Panels  may  be  flush  with  or 
sunk  below  thf  plane  of  the 
urn  s  ndin  j  ft  im< 

'''*  Chair  rail 

--  Wainscol  r.  fers  to  the  wood 
paneling  c«  '<  rim  the  lower 
portion  of  an  interior  wall. 


Interior  wood  paneling  may  consist  of  veneer-faced  panels 
ipli  I  directly  to  wood  (   m    ]l  framing  or  furring,  Furring 
is  ret  uin  h  w  i  masoni  /orconcreti  walls  ;  urring  may  also 
b<  u  >ed  ( w  i  frame  ./alls  when  improved  thermal  insulation 
properties  g  eatei  ici  isl  i  ili  olation  or  idditional  wall 
depths  are  desired.  The  panels  m  normally  fastened  with 
nail  or  <  rew:  ilthoughadhe  >m  w  m  be  used  for  greater 
rig  lit  '  'f>(   d  i  ipp<  ir,  n<    o  thi  p.     I<    kvalh  illdep  nd 
on  the  treatment  of  Ik  joirt     ndth<  jrain  or  figure  of  the 
wood  panels. 

Solid  wood  plan    may  a    «;    usedi    interior  p,  neling  The 
pi  tnksm  ly  haw  •  |uan  cu1  tongm   ind  groove,  o\  shiplaj 
edqt      hi  :  '   Iting  /all  pa  tern  m  Ite:  tun  e  II  depend  on 
the  plank  width,  orientation,  spacing,  and  joinl  details, 


1 

I 


■;'■■.. 

If  ~'i 
1       1 

M 

1 

Horizontal  b<  n  1  »ot  planks 
are  nailed  direi  !Mt,i«luds, 


Solid  Wi  d  rails  and  stib 
Solid  rim  molding 
Wood  van    red  ?lywoodor 
,,  dium     ■   ityfib  rbi  ird 


Vertical  boards  oi  planks  are 
i  i1  '  .   'i  r     ntal  blocking 


i  ip  molding 


Solid  wood  rails  and  stiles 
Woodveneen  I  j  lywoodor 
medium  d.  n  %  fiberboard 
!  lywoodbai  I  ng<  i 
blocking,    i  quit  d 


Provide  space  for  expansion 
of  wood  ,il  all  joints.  


[3a  ( board  -- 

Finish  flooring 


1 


pj 

• 

B 
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P     rattve  plywooi  pan* ...        iiab    v  th 
hardwood      ^  ei     rsfoi  use  as 

i  II     ,;  iin ,       :,  '. ,     !-  fin  !  ui    /<  rl     , 
panels  an  i  api    11     '  x  d1  (1  20x2440)  and 
available  in  W,  s/&4  ]/2l!,  and  3/4"  (6S 10, 13,  and  13) 
thi  kn  !  es. 

Matching  Patterns 

Theappea    nceol      i    li;     nsh  dpi  /wood 
pan  Iirij    ,  ,"  ■<'  *  ,:'  !>'1  '   >  -    "        1  used  for 
the  face  veneer  and  1     i      in    ii  h  th<  >h  etsof 
veneer  an  >.  'anged:  c  i      .  ri|  h    ,  :the  color 
i  id  ;i  pa   o\  d.  wood, 

•  Book  i the 

rri  fli    h  Iternatelyfaceupandi      down  to : 
produci  symmetrical  nirroi  im  <  ?  about;  the 
joints  be    «  n  u  j  cent  >h  sts.  .— -— » 

•  Herringbon    na  ;i  hing    bo  kmal    ting 
inivhit.h  i  (  figui    dn    :*  .  -      heel     lope      ; 

osit  lirei  tions,  -■— -• ............—: 

•  Slip m  itching  if  m§<      Ijai  , .  ■  heefe  o\ 
veneei  froi « th     im  flitch    d.  by  side 
without  i«  ■  im    oasto     •       h    \q\ire  ——■ 

•  Diamond]  .     hh  larrai       foi  i  diagonally 
cut  sheets  o      (  n<  :rti  I    madi  non  i 
pattern  about  a  center.  •-- - * 

•  Randon  m«  U     i    n  m%(    <  i  eersto 
ntentionai!         e  a  casual  unmatched 
appearance.  -- 

Soft¥/ood  Veneer  Grades 

N-  select    1 100th  mrfaci  foi  natural  finishes 
A -smooth  faci    ••><    ble  for  painting 
3- solid  >\  rfai  .  ,  il  /panel 

Hardwood  Veneer  Grades 

s  Premium  ,.  ;  '■     rmitsonlyafew  m  II  bu    - 
knots,  and  in  onspicuou      tche; 

•  Good§  •  li  '••    imil  ■    <  a  mium  |i  de  xcej  I 
that  mat;  hin    «f  veneei         ii  not  required 
and  no  .harp  contra 

•  5oun,  §    -'•  i     ■  rnoi   hveiii     fre«  ot .  pei 
defect:  bu     >n  lini  i ,    s    !     '  co\i  i  son, 

■„  n      i      mall     •  i '    *       h     .i 

•  !|iilii   .      epen       i.    .       tiomsl 

pa    h      itjh  knot  -   m  II  n.  I  10I      i  id  >\  fil 

•  E3  ickin  i  ejrade  permi       s     I  feet:  not 

ffectine-  hi     ren       rdu   bilil  /of  1  epai 


Grain  Figures 
Figure  n  .         he  natural 
pattern  on         iw       wbd 
p  >du    db  d,  i        ei  ion  of 

nual  rings,  knots,  bui     ,    n 
andothei  i  I  i    teristics. 

Different  fi  ui  ;  m  /b<  pi  educed 
by  varying  th        in  wl  icha  wood 

neei   n  u1  from  id 

•  Rota  i  •     -ii.     ;  sin 
a,;  o    km*    i :  ,! '  hi 
prof  uces  i  continue  k  vene 
itha    ■   qi    drippl  fig  r< 


lain  li  ngol    hah  I.  ; 
parallel  to  His     hroucjhits 
center  produ!  ;sav   legated 
wavy  figure. 

Quarter  slicing  of  a  log 
perpendlcula    o  the  annual 
rin,  >  produces  t  series  of 
>X\  ii  hi  oi  r,  ried  trip!  n'n 
the  veneer. 

Half-roun*  '  li  ingof  i  ditch 
mounted  off-center  in  the  lathe, 
»li  ;!,id  icrossthc    inualring 
produces  characteristics  of 
both  rotary  utting  and  flat 
slicing. 

!  ,  i    ittin    s  he  slicing 
ifoaka  id  imi  irspecies 
I     •  idi    lartothe 
conspicuou    - j  i  itingrays 
so  as  to  minimize  their 
if  s  ■  ■;  m< 


'  EEI   bOCred     .4b      mi    ingMafa       ■•   m  t  ;     '!  ■■   '       fil     I    duct 
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';•  l«  ; r '.■''  l  .Mior^, 


-  A  backer  shi  - 1  ol  pi  istk  !  imitate    •- 
should  bi  i  ipli  id  I  ■  heoj  p  >it?  stdf 
d  un  1 1  ported  p  n<  1  I   In  p them 
from  wji  tie, 

Plastic  Laminate  Counfertops 

•  Vie'1  (2)  thick  high-)  I     ■    ! 


•  Postformi  l|  I    tie!  minal 


Packer  sheet 
«,  i|'  ,j   '  odblod  '  ) 


'     •,  I  high  pn     i' 
plastic  iarni  1 1 


banding 
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Edge  Treitmesifs  for  Plastic-Laminate-Faced  Panels 
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This  chapter  discusses  the  mechanical  and  electrical  systems 
that  are  required  to  maintain  the  necessary  conditions  of 
environmental  comfort,  health,  and  safety  for  the  occupants 
of  a  building.  The  intent  is  not  to  provide  a  complete  design 
manual  but  to  outline  those  factors  that  should  be  considered 
for  the  successful  operation  of  these  systems  and  their 
integration  with  other  building  systems, 

Heating,  ventilating,  and  air-conditioning  systems  condition 
the  interior  spaces  of  a  building  for  the  environmental  comfort 
of  the  occupants,  A  potable  water  supply  is  essential  for 
human  consumption  and  sanitation.  The  efficient  disposal 
of  fluid  waste  and  organic  matter  is  necessary  in  order  to 
maintain  sanitary  conditions  within  a  building  and  in  the 
surrounding  area.  Electrical  systems  furnish  light  and  heat 
for  a  building's  occupants,  and  power  to  run  its  machines. 
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These  systems  require  a  significant  amount  of  space.  Because 
much  of  the  hardware  for  these  systems  is  normally  hidden 
from  view — within  concealed  construction  spaces  or  special 
rooms— the  layout  of  these  systems  should  be  carefully 
integrated  with  each  other  as  well  as  with  the  structural  and 
enclosure  systems  of  the  building, 


At  rest;  the  human  body  produces  about  400  E3tu/h  (117  W). 
Moderate  activities  like  walking  can  raise  this  amount  to  750 
I3tu/h  (220  W),  while  strenuous  activities  can  cause  the  body 
to  generate  up  to  1200  t3tu/h  (351 W).  Thermal  comfort  is 
achieved  when  the  human  body  is  able  to  dissipate  the  heat  and 
moisture  it  produces  by  metabolic  action  in  order  to  maintain 
a  stable,  normal  body  temperature.  In  other  words,  thermal 
equilibrium  must  exist  between  the  body  and  its  environment. 

The  human  body  loses  or  transfers  heat  to  the  surrounding 
air  and  surfaces  in  the  following  ways. 
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Conduction 

9  Conduction  is  the  transfer  of  heat  from  the  warmer  to 
the  cooler  particles  of  a  medium  or  of  two  bodies  in  direct 
contact,  occurring  without  perceptible  displacement  of 
the  particles  themselves. 

•  Conduction  accounts  for  a  very  small  portion  of  the  total 
heat  loss  from  the  body. 

Convection 

•  Convection  is  the  transfer  of  heat  by  the  circulatory  motion 
of  the  heated  parts  of  a  liquid  or  gas  owing  to  a  variation  in 
density  and  the  action  of  gravity,  in  other  words,  the  body 
gives  off  heat  to  the  surrounding  cooler  air. 

•  A  large  differential  between  air  and  skin  temperature 
and  increased  air  motion  induce  more  heat  transmission 
by  convection. 

Radiation 

•  Radiation  is  the  process  by  which  heat  energy  in  the  form 
of  electromagnetic  waves  is  emitted  by  a  warm  body, 
transmitted  through  an  intervening  space,  and  absorbed 
by  a  cooler  body.  No  air  motion  is  required  for  the  transfer 
of  heat. 

b  Light  colors  reflect  while  dark  colors  absorb  heat; 
poor  reflectors  make  good  radiators, 

•  Radiant  heat  cannot  travel  around  corners  and  is 
not  affected  by  air  motion. 
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Evaporation 

•  Heat  is  required  for  the  evaporative  process  of 
converting  body  moisture  into  a  vapor. 

•  Heat  loss  by  evaporation  increases  with  air  motion, 

8  Evaporative  cooling  is  especially  beneficial  when  high  air 
temperatures,  humidity,  and  activity  levels  exist. 
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Fact  )rsaffei  ;ing  human  comfort  ii  In  \t  iii   empei  iti  n  r  la  iv 
humidity,  mean  radiant  temperature,  air  motion,  air  purity,  sound, 
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in  determining  thermal  omfort.  Certain  range   oi    rtemperature, 
n  tativehumk  ity  mean  adi  n1  temporal  in   ind air  so  i<  nh  iv  • 
been  judged  to  be  comfortable  by  a  majority  of  Americans  and 
Canadians  tested  these  comfort  zone  aredt  bribed  by  the  following 
graphs  of  the  interaction  between  the  four  primary  thermal  comfort 
factors  Notf  thai     *pecifi<  lev  lofi  omfo  I  I  >r  m*  individual  is  a 
subjective  judgment  of  thi  eth   malcomfor   factors  and  will  vary 
with  prevailing  in.  •>•  isonal  variation  in  dim    <  ■  well;  ;  the  age, 
health,  lothing  md&  tiv  ty  af  th  indivi  Ju  il 
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Air  Temperature  and  Relative  Humidify 
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Comfort  Zone 


Ii  fempei  1  ire  and  Ah  Moth  i 
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•  The  cooler  the  moving  air  stream  is,  relative  to  the  room 
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hot,  humid  weather. 
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The  siting,  orientation,  and  construction  assemblies  of  a  building  should  minimize  heat 
loss  to  the  outside  in  cold  weather  and  minimize  heat  gain  in  hot  weather,  Any  excessive 
heat  loss  or  heat  gain  must  be  balanced  by  passive  energy  systems  or  by  mechanical 
heating  and  cooling  systems  in  order  to  maintain  conditions  of  thermal  comfort  for 
the  occupants  of  a  building.  While  heating  and  cooling  to  control  the  air  temperature 
of  a  space  is  perhaps  the  most  basic  and  necessary  function  of  a  mechanical  system, 
attention  should  be  paid  to  the  other  three  factors  that  affect  human  comfort — 
relative  humidity,  mean  radiant  temperature,  and  air  motion, 

-  Relative  humidity  can  be  controlled  by  introducing  water  vapor  through  humidifying 
devices,  or  removing  it  by  ventilation, 

N  The  mean  radiant  temperature  of  room  surfaces  can  be  raised  by  using  radiant 
heating  panels  or  lowered  by  radiant  cooling, 

-  Air  motion  can  be  controlled  by  natural  or  mechanical  ventilation, 

Heating  ond  Cooling 

-  Air  temperature  is  controlled  by  the  supply  of  a  fluid  medium — warm  or  cool  air, 
or  hot  or  chilled  water — to  a  space, 

~~#  Furnaces  heat  air;  boilers  heat  water  or  produce  steam;  electric  heaters  employ 
resistance  to  convert  electric  energy  into  heat.  See  11,16  for  cooling  systems, 

*  The  size  of  heating  and  cooling  equipment  required  for  a  building  is  determined  by 
the  heating  and  cooling  loads  anticipated;  see  11,09, 

The  traditional  fossil  fuels— gas,  oil,  and  coal — continue  to  be  the  most  commonly 
used  to  produce  the  energy  for  heating  and  cooling  buildings.  Natural  gas  burns  cleanly 
and  does  not  require  storage  or  delivery  except  through  a  pipeline,  Propane  gas  is 
also  a  clean-burning  fuel  that  is  slightly  more  expensive  than  natural  gas.  Oil  is  also 
an  efficient  fuel  choice,  but  it  requires  delivery  by  trucks  to  storage  tanks  located 
in  or  near  the  point  of  utilization.  Coal  is  rarely  used  for  heating  in  new  residential 
construction;  its  use  fluctuates  in  commercial  and  industrial  construction. 
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Electricity  is  a  clean  energy  source  requiring  no  combustion  or  fuel  storage  at  the 
site,  It  is  also  a  compact  system,  being  distributed  through  small  wires  and  utilizing 
relatively  small  and  quiet  equipment.  However,  the  cost  to  electrically  heat  or  cool  a 
building  can  be  prohibitive  and  most  electric  power  must  be  generated  by  utilizing  other 
sources  of  energy— nuclear  fission  or  the  burning  of  fossil  fuels— to  drive  turbines. 
Nuclear  energy,  despite  continuing  concerns  with  the  safety  of  its  installations  and 
the  disposal  of  nuclear  waste  material  may  still  become  an  important  source  of  power. 
A  small  percentage  of  turbines  are  driven  by  flowing  water  (hydropower),  wind,  and  the 
gases  produced  by  burning  natural  gas,  oil,  and  coal, 

Of  increasing  concern  are  the  uncertain  cost  and  availability  of  conventional  energy 
sources,  the  impact  of  energy  extraction  and  production  on  environmental  resources, 
and  the  burning  of  greenhouse-gas-emitting  fossil  fuels  (see  1.06),  Because  more 
than  40%  of  all  energy  and  more  than  65%  of  all  electricity  in  the  United  States  are 
consumed  in  buildings,  the  design  professions,  construction  industry,  and  governmental 
agencies  are  exploring  strategies  for  reducing  the  energy  consumption  of  buildings  and 
evaluating  alternative,  renewable  sources  of  energy:  solar,  wind,  biornass,  hydrogen, 
hydropower,  ocean,  and  geothermal, 


Solar  Energy 

Solar  energy  can  be  used  directly  for  passive  heating,  daylighting,  hot  water  heating,  and 
generating  electricity  with  photovoltaic  (solar  cell)  systems.  The  conversion  efficiency  is 
low  with  present  technology  but  some  systems  may  be  able  to  produce  enough  electricity  to 
operate  off-grid  or  to  sell  the  extra  electricity  to  the  public  utility,  Businesses  and  industry 
can  employ  larger-scale  applications  of  solar  technology  for  preheating  ventilation  air,  solar 
process  heating,  and  solar  cooling.  Utilities  and  power  plants  are  also  taking  advantage  of  the 
suns  energy  in  concentrating  solar  power  systems  to  produce  electricity  on  a  larger  scale. 
These  large-scale  systems  require  sizable  installations  as  well  as  a  means  of  storing  the 
electricity  when  the  sun  is  not  available  to  produce  it, 

find  Power 

Wind  power  is  the  process  by  which  a  turbine  converts  the  kinetic  energy  of  wind  flow  into 
mechanical  power  that  a  generator  can  use  to  produce  electricity,  The  technology  consists 
of  blades,  sails,  or  hollow  drums  that  catch  the  flow  of  winds  and  rotate,  causing  a  shaft 
connected  to  a  generator  to  turn.  Small  wind  turbines  can  be  used  to  pump  water  and  power 
homes  and  telecommunication  dishes;  some  can  be  connected  to  a  utility  power  grid  or  be 
combined  with  a  photovoltaic  (solar  cell)  system,  For  utility-scale  sources  of  wind  energy, 
a  large  number  of  wind  turbines  are  usually  built  close  together  to  form  a  wind  plant,  Like 
solar  power,  wind  power  is  dependent  upon  location  and  weather  and  can  be  intermittent; 
the  electricity  generated  when  the  wind  is  blowing  cannot  be  stored  without  batteries,  The 
best  sites  for  wind  farms  are  often  remote  and  distant  from  where  the  electricity  is  needed. 
Additional  concerns  include  the  aesthetics  of  wind  turbines,  noise,  and  the  potential  for 
birdkill 
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liomass  Energy 

Biomass,  the  organic  matter  that  makes  up  plants,  can  be  used  to  produce  electricity, 
transportation  fuels,  and  chemicals  that  would  otherwise  be  made  from  fossil  fuels,  Properly 
harvested  wood  is  one  example  of  a  natural  and  sustainable  biomass,  but  its  burning  can 
create  air  pollution  and  harm  indoor  air  quality.  Wood-burning  appliances  should  meet 
Environmental  Protection  Agency  (EPA)  regulations  for  emissions,  Wood  pellets  made  from 
wood  by-products  burn  cleanly  and  should  be  considered  as  an  alternative,  Other  viable 
sources  of  biomass  include  food  crops,  such  as  corn  for  ethanol  and  soybeans  for  biodiesel, 
grassy  and  woody  plants,  residues  from  forestry  or  agriculture,  and  the  organic  component  of 
municipal  and  industrial  wastes. 

Some  consider  biomass  to  be  a  carbon-neutral  fuel  because  its  burning  does  not  release 
more  carbon  dioxide  than  that  captured  in  its  own  growth  and  released  by  its  natural 
biodegradation.  The  conversion  process  of  biomass  into  fuel,  however,  can  be  energy  negative 
if  more  energy  is  required  for  the  conversion  process  than  is  obtained  from  the  product  itself, 
Using  grain  such  as  corn  also  precludes  it  from  being  used  as  food  for  humans  or  livestock. 


w  uM 


"v^JL- 

)    \\     II                               \ 

w 

* 

\s              j^WW 

V 

'VA*WWNJ| 

^ 

Hydrogen 

Hydrogen  is  the  most  abundant  element  on  earth  and  cm  be  found  in  many  organic  compounds 
as  well  as  water.  While  it  does  not  occur  naturally  as  a  gas,  once  separated  from  another 
element,  hydrogen  can  be  burned  as  a  fuel  or  used  by  fuel  cells  to  electrochemically  combine 
with  oxygen  to  produce  electricity  and  heat,  emitting  only  water  vapor  in  the  process, 
because  hydrogen  has  very  high  energy  for  its  weight,  but  very  low  energy  for  its  volume,  new 
technology  is  needed  to  more  efficiently  store  and  transport  it. 
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Hyclropower 

Hydroeled  cpowei      ■■>    mwei     created  and  controlled  by  the  damming  of  rivers,  As 
thewatei    if.    behind  a    im  i  released  thighpressur   itskinett     i  .■'.   'transformed 
into  mechanical  em    ]    ind    >ed  by  turbine  blad        genei  n    le<  rioit;  Because  the  water 
cyi  lei:        idl  nstantl       harming  system  's  ropowerisconstf    d     lean,,  r<  lev  bl< 

energy  sou  re.  but  h       poi        i  i    -  .  !    -  II     !    ugh    E3s  i  <  :>    >f  hydropowei 

include  i'  <  I       n    •>*  h        i   i    ml  opportunist  -  ffordedl    th«   -     rvoirs  created  by 
dams.  D    idvantag     ncludi    i   rrnou  installation  costs,  \o  »  ffarm  nd,  disruption  offish 
indun     tail     fects  on  riparian  habital    in  I  hi:   orii  ih  ite: . 


Ocean  Energy 
veringrn         in  7       Pthi     rth     uri  u     Ik  o  ■  11.  u  \  n  d\  <       <:  i il  tii  rgy  Prom  the 
irn  cheat  and  meehan    il  n«  eiyfrom  i    tid«     n  Iw  /  s.Oi    in  th  rma  Enei  ,,  Conversion 

pn  •       i  ■!  a  i«  .  ti  ■ '  I    trici'1    from  the  h<     energy    ot  dintl      irth  -oceans. 
Theproci      vorksb.     ;.     »p    I        I       .        here  tl     i     «.    :  he  ocean  is  warm  and 
I     n        I  enough  1       «      )  modest  temperature  differ;  nti  il.OTEi  utiii  >  s  this 

ten  perai tsaitorunabea    ngh      -pui  pin      irmsw         eawatei  through  a 

heal      h     ;       h  ilin      int  fluid,  sucl        nrnonia,  is  vaporized,  witl  i  he  vapor 

neconnoi     :      i  •  n       >     old  :  . ;      ■■•  il  i      pumpi  ' ;  irough 
i      ondheal      hangs         >n  I       earl      into  a  liquid  .e,,  hi  thei   ...  ed 

irougl  tern,  I      i     itscca       ion  <        icy       ryl       nOTI      I  ml     *  I  h  iveto 

rrnousai       tol     i  i   :      a  a  ■      !    ,    .      wearm  ubji  cl  to 

storms  and  corrosion. 
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turbines, 
;lv  more 
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Cold  water  * 

< 

%  5tearn&  hot  water 

Q   .  a  i  i,  .I  ,   ervoii 

Offshor     /stems  are  situated     •        iter  and        ith     hi       ",•••••      nofth<  waves 
hefum      g  of  waves  through  interna!  turbit     «     bating  pi  tform  to 
create  electricity.  Onshore  wave  power  systems  are  built  along  shorelines  to  extract  the  energy 
in  breaking  waves  by  utilizing  the  alternating  compression  and  depressurlzation  of  an  enclosed 
■     olumntodri1      i         il       tentialenei  -  nl     :!    ti  .         zested  in    ih 

certain  is    >  of  the  wort        hasthenoi         I     -  " '  n    tl ',      .     coasts  of  th<  United 
States.-  irefi     >     eleci      '    ii        to  keeping        nviron  rrij       >ofwm  power 

systems  to  a  ninin       j      ervingscei      horefron       n«       idi     ilteringfl      vrtternsof 
sediment  on  the  ocean  floor, 

Geothermal  Energy 

n    I    i  '■,-'     theeartn     nti  nalheal        in  ;  i   .     ml    mdj     '  variety 

us  »  "i     u       ningfu     .     imingrivei      rh         ng     esl     I      halt  ndneartha 

earth    .1  ,  i     i   in  lin    n    itivek    -m  tantta       ratun     5O°-60°F(1<  '    ; ;  heat  that 

pn  vid  dii    tl       ig  and  cooling  in  \o\  ■      id  other  buildings  I    m,  hea    >i 

hot  water     m  deeper  gi   I       al  reservoirs  can  rwidethef        :        i  urbine  generators 

toprodui    ( lei  ri  !«     fh     .1     1      mrmal    iter  is    ens  u  n  d.  ov\  1      nj  i  »n  well  into  the 
reservoir  to  I      h     ed.,  to  mail    1    |     -sun     nd1     •   1  nti  the  reservoir, 


Calculating  heat  loss  in  cold  weather  and  heat  gain  in  hot  weather 
is  necessary  to  size  the  heating  and  cooling  equipment  required  for 
a  building,  it  takes  into  account  the  differential  between  desired 
indoor  air  temperature  and  outdoor  design  temperature,  the  daily 
temperature  range,  the  solar  orientation  and  thermal  resistance 
of  wall,  window,  and  roof  assemblies,  and  the  use  and  occupancy  of 
inhabits  I  f.     >.  The  more  heal  , :         laincanbei  ducedby 

the  siting,  layout,  and  orientation  of  a  building,  the  less  energy  will  be 
consumed  by  smaller  heating  and  cooling  equipment,  Other  energy- 
conscioi    design  s1     egies     Im       ilizingth     lali     ■  "  i  nand 
thermal  nassts       cti  i  .     '    '  ,        i1  through 

building  •     i     :.        king  wis       >ices  in  selectin  fficiem 

HVACsys     ,      it         -        ;  ••  n  .       ;  t  ihti      ;  m  as; and 
mployin  j 'smart    /sterns  to  control  1       ia     ndi    - 

Heating  Load 

•  Hf  itin  j  load  is  the  hou       ite  of  net  heat  I 

expo       I  in     upei  h<  ur  and  used     th  I       foi     lectinga 
heating  unit  or  system. 

•  British  ti      ,  ■    i.  ,     i)  is  the  quantity  of  I    itrequi      '<omlse 
thet  ii  p        re  of  lib.  (0.4  kg)  d    iter  IT. 

•  PegreewJayisaunil    latrei  Idegi       -   ;      ureinth 
mean  dai!     itdoor  temperature  from  ,         ternpei    ure, 
it  is  used  to  com]  uteheatii        !     ilin  I     •         H     (        (  ms, 
andc  ilcula        i       .       isumptio 

•  Heath       p     layi    in  olegr    .  lyb    •'    ,       n 

i     peratureo    5     I9°C),  u       -      imatin     «  or  power 
consurnpl  01  in<  system. 
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>ss 

I     primai    m        Cheat  loss  in  cold  wea  re; 

•  Com     ion,  radiation    i      ndud  h  at  through 
■  ,;      ,      ■    ;    <      mdroofassei  bli   » to  the 

idth    igh      rsoverun!  red  spaces 

*  Infilti     on  of  air  tl            i      in<  irerior 

cons*  ruction        ciali        i       i  »    i     loorv 


Cooling  bid 

•  Cooliit  load  is  the  hour!  ,  .  in  ,  .  n 

expres  ;ed  i  rata  per  hour  and  u  I      isi  !  ctingan 

aimconditl  >•  in  |uni    ■       ling  system. 

•  Cooling  d  gree-dayisoi     .  gn  e-dayabo1     hesl 

i     peratun    f    • .  ■      C),  used  in  esl     itii      ,    ,      in    men 
forai  ition. 

s  Ton  oh  s.  i   l         .i  e        ,       i  of  ice 

at  52'  i  a  |0C)i  id  s  to  water  at  the  sa m<       ;  icmrr 

5  kW). 

•  Energy  efficiency  rating  is  an  index  of  the  efficiency  of  a  refrigerating 
unit,  expressing  the  I3tu  removed  per  watt  of  electrical  energy  input. 


For  itior 

cooling  loads,  reefer  tra  the  handbook  published  by  the  American 

society 


Heat  Gain 

Sou  •     oi  leatg         'arm  or  hi      i     hei  include; 

•  Convei  ii        liatiortandci     ictionthn    |h 
exterior  wail  window,  and  roof  assemblies  when 
outdoor  temperatures  are  high;  varies  with  the 
time  of  day,  the  solar  orientation  of  the  assemblies 
and  the  effect  of  thermal  lag 

s  Solar    diationon     ~  •  :-   solar 

orientation  and  the  effectiveness  of  any  shading 
devices  used 

•  Building  occupants  and  their  activities 

e  Lighting  and  other  heatvprodnoing  equipment 

•  Ventilation  of  spaces  that  may  be  required  to 
remove  odors  and  pollutants 

s  Latent  heat  requiring  energy  to  condense  the 
moisture  in  warm  air  so  that  the  relative  humidity 
in  a  space  will  not  be  excessive 


fASHRAE), 


Cold-air  return  conveys  cool 
air  back  to  the  furnace  for 
reheating  —-^ 


Forced-air  heating  is  a  system  for  heating  by  means  of  air  heated 
in  a  gas,  oil,  or  electric  furnace  and  distributed  by  a  fan  through 
ductwork  to  registers  or  diffusers  in  inhabited  spaces.  It  is  the 
most  versatile  and  widely  used  system  for  heating  houses  and 
small  buildings. 

•*  Gas  and  oil  furnaces  require  combustion  air  and  a  vent  by  which 
products  of  combustion  are  carried  to  the  outside,  Oil  furnaces 
also  require  a  fuel  storage  tank.  Electric  furnaces  do  not  require 
a  flue  or  combustion  air. 

•  Filtering,  humidifying,  and  dehumidifying  devices  can  be 
incorporated  into  the  system. 

•  Cooling  may  be  provided  by  an  outdoor  compressor  and 
condensing  unit  that  supplies  cold  refrigerant  to  evaporator 
coils  in  the  main  supply  ductwork, 

•  Fresh  air  ventilation  is  usually  provided  by  natural  means. 


Extended  plenum  system  is  a  j 

perimeter  heating  system  in  which    I 
a  main  duct  conveys  warm  air  to     j 
a  number  of  branch  ducts,  each     / 
serving  a  single  floor  register.  ^ 


Bonnet  or  plenum  is  the  chamber  at  the  top  of  a  furnace  from 

which  ducts  of  sheet  metal  or  fiberglass  emerge  to  conduct 

heated  or  conditioned  air  to  the  inhabited  spaces  of  a  building. 

Leaders  are  the  ducts  that  convey  warm  air  from  a  furnace  to 

a  stack  or  branch  duct. 

Stacks  convey  warm  air  from  a  leader  vertically  to  a  register 

on  upper  floors. 

Gathering  refers  to  a  tapered  section  of  a  duct  forming  a 

transition  between  two  sections,  one  of  which  has  a  greater 

area  than  the  other. 

Boot  is  a  duct  fitting  forming  a  transition  between  two 

sections  that  vary  in  cross-sectional  shape, 

A  manifold  has  several  outlets  for  making  multiple  connections. 


Perimeter  heating  distributes  warm  air  to  registers  placed  in 

or  near  the  floor  along  exterior  walls, 

Perimeter  loop  system  consists  of  a  loop  of  ductwork,  usually 

embedded  in  a  concrete  ground  slab,  for  distributing  warm  air 

to  each  floor  register. 

Perimeter  radial  system  uses  a  leader  from  a  centrally  located 

furnace  to  carry  warm  air  directly  to  each  floor  register. 


^  While  furnaces  are  commonly  placed  in  basement  spaces,  there 
are  horizontal  furnaces  designed  for  installation  in  a  low  attic  or 
crawl  space. 

/  Wall  furnaces  can  be  recessed  in  or  mounted  on  a  wall  and 
supply  heated  air  directly  to  a  space  without  the  use  of  ducts. 
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Hot-water  or  hydronic  heating  is  a  system  for  heating 

bull  ii  q      n         I    ati    ■•   1    I  in    boil*  rand 

irculated  b\    pi    |       ^ughpij     toradi     reoi  r.»=xt=r> 

Jiwectorc  6     n       ting       nilai      rincipl    i  iiizin§  n         |         '  /*  Venturi  tees  induce 

steam  generated  in  a  boiie     id<    .;•  mm;,  it  through  -   "    -"  /       tea   •      '  roi 

ipingtoradiators.ini        ities  and  building  complexes,  11  ".--..  /  ■  h  into 

hot  water  or  st<  im  genera  !    Ibi  -.  i  plant  -.     -    "  .  -_' 

may  be  aval     e\    undergi        pipel ,,     fhi     ',  i  ibility  [j    ■ 

uldelimin      th  n      ft      n  i    ,.  'oiiei  || 

•  Boiler     n  !•  >ed      so       n  ni    n  :i  toi    '     Is  \nd 
tubes  in  which  wa    r  is  h     edc     tean     g     rated,  ^__ 

The  he  i1  i..    b(    ippii    '     ,      'mbustioni  fqa  >o\ 
oil,  or  by  electric  a  istan     :o\h  /  relief  v   aes  on 

boilers  open  when  ctuatedb    m  porpi  •     re  above  a 
pre<    ti  i",  nedli      ,  il<    ing  thevapo     ■    .  ipe  until         /"' 
its pn      irei    .'di!    di   asafeot     cej    il  le level,    -"""" 


One  pipe  ystemi        t-waterh&  tin*   system  in 

whioliasinaJ    'ipi    up|  lie:  hoi     itei  fi  m;  boiler 
leachradi,  or  ore    iv      >r  in    qu  ice,  _~— ~ 

fw   |  p<    y  tern  i    ihol  w,  <  i  li<   tint  system 
in  which  fj    «  pe  upplieshol     iter  from ,  boiler 
tothera;  iatorson  <r  .  orsand    set  n<  pips 

return'. Ue     iterl boiler,  - - - "" 

-  in  ■  eturnisatw  pip.  hoi  watei  ay  t>,  m  n  'h.lcl 
■    retui  i pipe  from*     i   adia     01 1  >nvi  ;1  >i    i  e 

the  shortest  rou    back  to  tl    boiler,  _---——■- ~ 

;'  r,   seretui   is     iv     jp(  h      ?aters^     i  ; 
which tlk  i.ii.c  i  >oi  the  i  ppi;   indreti  rnpipesfor 

each  radiator  or  convei  or  are  i      I    qual  .__.. _., 

I  ry  n  urn  is  an  tu  n\  ip    naste  m  h    tin :   /-,<  m 
tha  i   rri;  >b(  th  \  -  i<  w :!  ;i  of  const  i     tion 


Radi     i     on:   ;1  H  ,  >e\  esorcoil     pip       sro  a  i 
which  hoi  i     n  pass  1     iaa  pipes  - 

warm  a'  p  <     *rii  lariiyl      idiatii  e<  tors,  on 

theothi  r  hand,  are  I     ting  units  in     i    air  heated 

yconta       tha       iter  oral      ube  circulates  by 
convection. 

in-tu  -  ! '  -  re  eboardconvec  s  :- 
horizon'1  si  tube:  .  :•  I  |  dvertic  il  fins  to 
maximi;  :l  nsfer  to  the  su     in,  ingair.  Cool 

r.  v  "  :  ,'■  wni  ;-.  nb  loi  ii     >nv    ti  n  h< 

'     '  •  he  fins,  and  di      •  •    •     tla  r''p,  - 


Li    j'.      m\  161«    MfeiA'iflBMi 


Comparative  Hecif  Values  of  Energy  Sources 


fuel 


Heaf  Value 


Anthracite  Coal 

14,600  Btu/lb 

Oil 

139.000  Btu/gal 

Natural  Gas 

1,052  Btu/cf 

Electricity 

1  watt  =  5,41  r)tu/hr 

to\ 


,  lectr   heating    mor  accut  telydt  t  ibed  is 
electric  n  ih  1  ins  e  hi  a1  ing  I  e  istance  i  ■  he  property 
ofa  conductor  by  virtue  of  whicl    I   pas  ige  of  current 
is  oppose^  ,cau;  ingek  tri<    nergy  t  o  be  converted 
into  heat,  Electric-resistance  heating  elements  may 
be  exposed  to  the  air  stream  in  a  furnace  or  ductwork 
i  in  a  forced  lirheatings^  tern  or  provide  the  heat 

foraboilerinahydronii  leatings^   tern.  More  direct 
t    ,  n:  o\ !*  ,"'.;'  ill  eki  in,  en  rg  '\  /  Iv  ? hot  m 
the  resistance  wires  or  coils  in  space-heating  units. 
While  compm  !  andv<  •  rtih  thesi    iectric-re;  ist  nice 
["  it  r  hav;    >p  ov\  m  \o\   <  f  ill  ngl  umidityand 
air  quality, 


~*  Electriomesist  im  e  heating  < 1  mc  nl  •  may  be  housed 
in  I  isi  b  card  oiwei  tion  unit  -insl  died  iroundthe 
perimeti  i  <  i  iroon  I  oom  ii  r  -  $1  idbys  .  i  -  mc< 
coiisa  it i  in  1 1  \U  rthrou  jh  th<  unit  >bj   onv    tion 


i  lei  trie  u  lii  I  esU     utili  eafai  to  draw  in  room 
air  and  pi.    (1  o  ei    /  isl  urn  -  hi  rtingi  )ils  before 
blowing  it  b,   :  intoth  room. 


^^. ...^- -" '^' i 

ESfrli  S"v                      ^  ^ 

,    ' '     ; 

•     Eh 


~>   foesj  ce  unit  heaters    .  !.    ,  ,     o  be  in     lledi 

the  low  -j    e  under  kitchen     I     ii  binel 

—  Walh  ii1  hi  ii<  i   an  ivail  ibl  in  uri  ■    n  m  i1    * 
or  recessed  foi  use  in  bathroom:  ,kit<  hi  n,  and  other 
small  roon  .. 

—  I  uliyrei  e;  sed  Root  unil  h<  it  r .  in  typically 
used  when  i  window* .  g    ingi  (  irrieddown 
totheflooi  lim 


Ind  i  atrial  unit  h  atei  ■  in  hou  >edinni(  t  ilcabim  V 
with  directional  outb  1  -  inddi  si  jnedtobe 
.U!  pen  ledl  •<  m  t  ceiling  of  roi  '■   brut  tore, 
Quartz  heaters  haw  i    '  »1  inc<  h<  rtingi  lerm  nts 
sealed  in  cm  it     glass  ube:  that  >n  d  ic<  infrared 
radi  iti<  nin  fi  ml  o\  i  i  flecto    b    king. 


CSI  MasterForm  r 23  83  00  Radiant  Heating  Units 
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;    lianth    tin       ■  n  s  til     h      'dealings,  1  ooi      n     >i     im 
walls, as i    liatin    >uri    es.TI    h    tsom       ray!    pi      01  tubing 
...i   "  ;•■  101  water 01   ie<  trie    <     tance heating c.  bli  -  if il  '.!.■<  , 
within  the  i  ili  i    Flo  >i    - 1  all  ci  nstn   fcion.TI    ra  iaml  heat  is 
!».  n  edby  uri  .  ■    ndobjeel   in  the ro«  m   sradiati    from  th 
warmed  surface;    nd    is  »t(i«  n    m    lianttemf  r   ure  (MRT)as 
well  as  ilk „     lent  tempera  un  n  the  space, 

Floor  inst  ill    ion    i   eff    im    \w,    i  ini    (  /   -    slabs.  In 
a  m   il  '■:•)■ '.  's  veiling  nstal  ti  mi  ai   |  n  feme  .'•  c  iu  ec  :iliri 
constructions  h   ele     th<   rial  capacity  and  can  n  >po  d\  i< .  i 
ili  q\  im  Is i  in  il  )bf  he,  ted       high  :rsurfa    tempi    ture 
than  floor  slabs.  In  both  i    ctric  and  hot-water  idianl    /stems,  the 
i  is1  til  tions  ireco  ipl  I    y  one*  fled<  < ep1  fo  tl  rm<     ft:  < 
balancing  valves. 


ii  ivel  ii  i  din     patl ; 
a  vl  aonnd 

ornei    mdmaytherefoh 
bi  o\   tru  ted  b^  physi  al 
elemenl  >  within  the  v  << 
such  as  furniture; 
Cannot  counteract  cold 

Ii    i  i  if!    ilonc,     eri  >i 
glass  ii  „■  i 
Is  not  affected  by 
air  motion, 


3ecB  ><    \d\i  n1  panel  I  ;  ti  ig  .;  tern  >   mnoi  i  spend  qui  klyl  i 
,  langing  tempei  iture  '  m  me  5  th<  yi  i  yl    >up|  b  ni£  I  (  witl 
j  )  imel  i  convec    i  u  ill  ;  I  h  c<  mpi  it    ii  <  endi'tiening,  i<  pai  it 
ventilating  hui  idify  on  rol  ...  i  x  Ii  g:  '     nisan      [uii  d 


•  Heating  cables  ---'""" 

•  Nonheating  lead  wire 


-,      OS 


i"|    .  (insulatioi 


minimum 


Two  layers  of  §ypsurti 
bo  rdoi  two  us  i  plasl  n 


3"  (205)  clear  of  ceiling 
n  Ii  i   and!  "(150)  leaf 
ofsidewalls 


Ceiling  Installation 


Conduit 

Hot-cold  splice   -— _, 

1  Jlf  {5b)  concrete  cover   - — 
4"  (100)  •    fating  c    ;re1 


^<. 


1 


6"  (150)  clear 
He  iting  cables 


lii 


Electric  Radiant  Heating 

*  Preass  nibledi    iant  heating 
panel  ?an  eommei  i  5      >'•  bl. 
fh    m    beu  !  ,    du  i 

•  ;-,  n  I       iling  «y   <  me  or  to 
he     »p    ifie 


Moisture  barrier 
Rigid  foam  insulation 
;  >un    i  rims  ■<    H  slab 

Ii  o  In  tollafi  m 
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Liquid  radiant  heating  systems  circulate  warm  water  through 
!    talorplasl    pipi    eithei   ncasedii      <  m  rett  ?iabtl  »1 
serves  as  a  thermal  mass  or  secured  to  the  underside  of 
subflooring  with  conductive  heat  plates.  The  supply  water  may 
be  heated  in  a  boiler,  heat  pump,  soiar  collector,  or  geothermal 
system.  In  response  to  the  then  <    its;    ing,  a  control  valve 
adjusts  the  supply  water  temperature  by  mixing  it  with  the 
circulating  water  from  the  pipe  loops. 


,    .. 


\ 


Concrete  slab  on  grade 

Mel  ilpipe:  orpla:  ti<  tubing  completely  embedded  in 
concrete  slab  ind  spaced  from  8  to  15"  (15  v)455)o,c, 
.  lo  i<  -  >pa<  ng  i  in  used  vh<  n  morf  varmthi  nei  led 
i  7 "( )5)n  inimum  i  /ei 


Rig 
per 


i  fa  minsul  itiai  ibngthf  edg<  and  mound  h  * 
meter  of  the  slab 
irriei 


(  ll 


i  ini  hfli  oring 
Subfloor 

•  I,   tin  i  <»:'  sol  i,i  i  i,:  €a  ured  oth    i  ids  i  ode  of 
th    .ubfli  irin  with  ,  idui  tiveh  i  j   i1 

[hernial  insulati  >n     ,  it    ' 


-  Cementitiou:  und  rlaymenl    i  '(19)  minimum  cover 

-*  Heating  pip*  .or tubing 

-*  Plastic  foam  ins  ulation;  ervei  as  i  therm  il  break, 


_J 


i  xif  ting  concrete  slab 


Finish  flooring 
,  mentitioi    underl  tyt  ien1    /  "(1  >)mi  lim  in  covei 


■*  Heating  pipes  oi  tubing  run  perpendicular  to  joist  framing 

-*  Existing  subflooring;  3/4"  (19)  minimum 
■*  Existing  joists 
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Active  solar  energy  systems  absorb,  transfer,  and  store  energy 
from  solar  radiation  for  building  heating  and  cooling.  They  normally 
consist  of  the  following  components; 

•  Solar  collector  panels 

•  Circulation  and  distribution  system  for  the  heat  transfer 
medium 

•  Heat  exchanger  and  storage  facility 

Solar  Collector  Panels 

•  The  solar  collector  panels  should  be  oriented  within  20°  of 
true  south  and  not  be  shaded  by  nearby  structures,  terrain,,  or 
trees.  The  required  collector  surface  area  depends  on  the  heat 
exchange  efficiency  of  the  collector  and  heat  transfer  medium, 
and  the  heating  and  cooling  load,  Current  recommendations 
range  from  VstoVaof  the  net  floor  area  of  the  bui 


Heat  Transfer  Medium 

•  The  heat  transfer  medium  may  be  aim  water,  or  other  liquid,  It 
carries  the  collected  heat  energy  from  the  solar  panels  to  the 
heat  exchange  equipment  or  to  a  storage  utility  for  later  use, 

•  Liquid  systems  use  pipes  for  circulation  and  distribution,  An 
antifreeze  solution  provides  freeze  protection;  a  corrosion- 
retarding  additive  is  required  for  aluminum  pipes. 

•  The  ductwork  for  air  systems  requires  more  insolation  space, 
Larger  collector  surfaces  are  also  required  since  the  heat 
transfer  coefficient  for  air  is  less  than  that  of  liquids.  The 
construction  of  the  collector  panels,  however,  is  simpler  and 
not  subject  to  problems  of  freezing,  leakage,  and  corrosion, 


s\aA 


site  latitude  +10° 


Storage  Facility 

•  An  insulated  storage  facility  holds  heat  for  use  at  night  or  on 
overcast  days.  It  may  be  in  the  form  of  a  tank  filled  with  water 
or  other  liquid  medium,  or  a  bin  of  rocks  or  phase-change  salts 
for  air  systems, 

•  The  heat  distributing  components  of  the  solar  energy 
system  are  similar  to  those  of  conventional  systems, 

•  Heat  may  be  delivered  by  an  all-air  or  an  air-water  system. 

•  For  cooling,  a  heat  pump  or  absorption  cooling  unit  is  required, 

•  A  backup  heating  system  is  recommended, 


near  excna  net 


Sensor,  controls,  and 
pumps  for  liquid  systems 
or  fans  for  air  systems 


For  an  active  solar  energy  system  to  be  efficient,  the  building 
itself  must  be  thermally  efficient  and  well  insulated,  its  siting, 
orientation,  and  window  openings  should  take  advantage  of  the 
seasonal  solar  radiation. 

See  1,16-1,17  for  passive  solar  design. 


CSI  MosferPormaf  23  56  00  Solar  Energy  Heating  Equipment 


1  I       ojfyiifnl  |i,i  •,,   •'  i    '*;,  |hf| 


Heat  is  extracted 
from  air  or  water. 


A 


~\ 


I  vapoi  itori  thi        m 
coi  ipo    m  of  a 
refrigeration  system  | 
in  which  t  li<  refrkjt  an 
absorbs  heat  from  a 
(  wli  iej  mi  diumand 
hang  .is  nil  a  liquid 
to  a  vapor  or  gas. 


Winter  Heating 


Heat  is  extracted 
by  means  of  a 
heal  t  i  h  nsjf  i 
toprodui     hill   I 
vvati  rf< 1  cooling. 


Evaporat 


Condenser 


'  -  i    t  heat  is 
extracted  from 
the  steam  as  it 
condenses  before 
returning  to  the 
evaporator, 


:  pan;  ion'  ilvi  r<  lui  ■  I1 
I ;    isun  and!  rap<  i  Hon 
temperature  of  a  i  ;fri  ie  a^' 
i!  t  flows  both  swapot  it  r 


Ri  fri  )f  ran  is  a  liquid 
!  -J  M,  of  vaporizing  a1 


ov\  I  mj ei  iiiitv  such, 
ammonia. 


Com   essorrei  u<     thi 
',  ium<  ind  i  n  "■     .'    i  ' 

pressure  of  a  vapor  or  gas, 


Evaporator 


A- 


Condenser 


Ji 


re 


umm<  i  !  ooli , ; 


x>    Compressive  Refrigeration 

' '  m,>.   i;  iv(  •  frigei  «l  m  is   proci  55  in  which 
1   i  •,  0     ffed    Ibyth  vh\  \\    I  ion  and 
expam  ><m><:  i  liquid  n  '*•  am  int. 


Heat  is  released 
to  air  or  water, 


at*  r  vapor 


<m 


0  mi 


on !  n  t  redui . 
a  vapor  or  gas  to 
liquid  form. 


Heal  I  imps 

H  -  pump  <,'■  1    I    tri  all  powc  edheating  m  l 
cooling  units.  For  cooling,  the  norma!  compressive 
•  fri    ■  tion  yclei       vl1     b    rl  ind  I   in  >f< 
excess  hi  i  I  -  h«  outdo         >rh  iting,  heat 
energy!    I    wnfi  mi  tin    utdoorairbyreven  ing 
thecoolii  gcvi     1  /     "    hingtl    hi  1      han. 
i ,:,:  tion  of  thi     M.,  i      .,.,':,  iter. 

H    tpum      remosl     ic     1  ii  nod  ,  11 
climates  1  hereheati   landcoolii    loads  are 
almost  equ  il  h frei  m    emp  ;  iti  res,  a  heat 
pump  requin  s  an  electrics   isl  inci  heater  to 
keep!  r    u1  '<»  rcoil  fron  ho    ing 

ft!    *    Hon  lei  5 ,  roi  0 

bsor|  Won  i    rig<      ion  us<     n   il     rbi  i  and  a 
generator  in    t  ';">  s  »t  pressor  to  transfer 
heal    rid  pn  \ua     • «,  1. 


Absorber  uses  a  saline 
solution  to  draw  water 
vapor  from  the  evaporator, 
cooling  the  remaining 
water  in  the  process, 

Generator  uses  a  heat 
source  to  remove  excess 
water  vapor  from  the 
saline  solution, 
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Heating  ventilating,  and  air-conditioning 

mltan  .m  .the 

temperature,  humidity,  purity,  distribution, 
and  motion  of  the  air  in  the  interior  spaces 
of  a  building 


oed  for  cooling.  The:  •  .    n    lumber  of  Doling 

.■  :.'  ,  ■  ■ .'    i    • !     coling  requir  rientsof 
i  lirii     hey  should  I      ousl      lyisolati  I  from 
ucturalfs      .      i  building, 


Heating  and  cooling  energy  can 
bedi  itributedl    ail   •  iter,  or  a 
eombin  iti  u'\  .  h; 
see  11.16-11.19. 


urnai         i      • '  from  an 
aii  con  liti  m      pa  .     iei  t  'the 
centi  il  plant foi     wes  nng  md 
.     ul  ti  ,i 


Preheatei    i    I       hati  .below 
32T  (OX)  to  a  temperature 
li  |htl        .  fi 

advance  o    tk  \  p         ing."~ 

Eotowerc    ippi     i    !     nodi  arte 
pressor.     >ti     i|   <  forced    . 
drafts  in  a  HV/ 1  ;     tern. 
H  i  ii  ifi     n    i    ii 
increa     raw  ma      oi    \U 
vapor  in  ih    upply  iir. 


Dampers  i    ulal   th  draft 
inairductsjnl  ndoutlel 


•  m 


Chilled  vv  terplanl       ■  .  <  ! 
eleetricn      team    ,      -  <;l  livers 
hilled  '       roth    in  h,  i   liia 
equipmertl  I         ling  md  pumps 
condenser  water  to  the  cooling 
tower  fori  i<   ii  m  •  •  fheat,  * - 

easier  produces  hot  water  or 
steam  foi       ting    oilers  n  quire 
fuel  (gas  oi  all]  and  an  a 
forcombusl    i.  Oil-fired  bi  t 

also  need  an  on-site  storage 
tank.  Electric  boilers,  which  may 
be  feasible  if  electricity  costs 
are  low.  eliminate  the  need  for 
combustion  air  and  a  chimney. 
If  hot  water  or  steam  can  be 
supplied  by  a  central 
plant  a  boiler  is  not  required, 


■*  filters  r  n    ',   »usp<  ndeoi 
i    ■    from  the  air  suppi 

•  (}  t  i  h  -t   i  ind        r  quality 
i  bl  n        ih      ninadequa 
ventil  Dion  and  fill    ti  mPuifding 
codei    pecrl   tb    i  neurit  of 
wnti   tioni    • «    df<   certa     i 
and  occupancies  in  air  changes  per 
hour  or  in  cubic  feet  per  minute  per 
person,  A5HRAE  recommends  15  to 
20cfm(0.42to0.57m5/min)per 
person  for  most  applications. 


air  handling  equipment 
rale  fan  room  should  be  located 
ce  conditioned  air  must  travel 
iditioned  space,  individual  fan 
ributed  to  serve  individual 
a  located  on  each  floor  to 
runs. 


Air-handling  units  contain 
the  fan 5,  filters,  and  other 
components  necessary  to  treat 
and  distribute  conditioned  air. 
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All-Air  Systems 
— — *  A  single-duct,  constant-aiwvolume  (CAV)  system 

delivers  conditioned  air  at  a  constant  temperature  through 

a  low-velocity  duct  system  to  the  served  spaces. 
•  In  a  single-zone  system,  a  master  thermostat  regulates 

the  temperature  for  the  entire  building. 
9  In  a  muitizone  system,  separate  ducts  from  a  central 

air-handling  unit  serve  each  of  a  number  zones. 

" ^  A  single-duct,  variable-air-volume  (WW)  system  uses 

dampers  at  the  terminal  outlets  to  control  the  flow  of 
conditioned  air  according  to  the  temperature  requirements 
of  each  zone  or  space. 

^  A  dual-duct  system  uses  separate  ducts  to  deliver 
warm  air  and  cool  air  to  mixing  boxes,  which  contain 
thermostatically  controlled  dampers, 
1  The  mixing  boxes  proportion  and  blend  the  warm 
/    and  cold  air  to  reach  the  desired  temperature  before 
distributing  the  blended  air  to  each  zone  or  space, 
»  This  is  usually  a  high-velocity  system  [2400  fpm 
(730  m/min)  or  higher]  to  reduce  duct  sizes  and 
installation  space. 

-— -*  A  terminal  reheat  system  offers  more  flexibility  in  meeting 
changing  space  requirements,  It  supplies  air  at  about  55T 
(12°C)  to  terminals  equipped  with  electric  or  hot-water 

reheat  coils,  which  regulate  the  temperature  of  the  air  being 
furnished  to  each  individually  controlled  zone  or  space, 


All-Water  Systems 

*  Pipes,  which  require  less  installation  space  than 

air  ducts,  deliver  hot  or  chilled  water  to  fan-coil  units 

in  the  served  spaces. 

--  A  two-pipe  system  uses  one  pipe  to  supply  hot  or  chilled 
water  to  each  fan-coil  unit  and  another  to  return  it  to  the 
boiler  or  chilled  water  plant. 

y  Fan-coil  units  contain  an  air  filter  and  a  centrifugal 
fan  for  drawing  in  a  mixture  of  room  air  and  outside 
air  over  coils  of  heater  or  chilled  water  and  then 
blowing  it  back  into  the  space, 
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~~*  A  four-pipe  system  uses  two  separate  piping  circuits — ■ 
one  for  hot  water  and  one  for  chilled  water— to  provide 
simultaneous  heating  and  cooling  as  needed  to  the 
various  zones  of  a  building, 

y  Ventilation  is  provided  through  wall  openings, 
by  infiltration,  or  by  a  separate  duct  system. 


Air-Water  Systems 

s  Air-wa1     :     tei     use  higrrveloci    d        t<  supply 
condition;    primary  air  1    m      ntralpl  n1  to  each 
zone  f^!  >pa     where  it  mixe:    ith    on  ii   i   lii  further 
hi  i    d  or  coobt  in  induction  u nil     — ___ 

•  The  primary  air  draws  in  won  ur  through  a  fill       idtl 
mixtuiv  ,v  me  over  oils  that  ai   hi   ted  01   hill  d ! 

es    "-  !     ■        piped i    ma  boiler  on  iiil<  fwaterpl    I 

•  Local  therniosl       ontrolv  i  :i  flow  c  i  the  coils  to 
regulal    ■•  1  mpei  iture, 


Pockog  IS    leu 

•  Packaged  systems  re  self-contained,  we  therproof 
units  incorpora  ing  ifan  filters,  compressor,  condenser, 
and  evaporator  coils  lor  cooling.  For  heating,  the  unit 
nayopes       i     heal  pu  npot     i.    inai  il  ry  In  itin  i 
;l<  menl  .  i  *  '    jed  system    ire  powered  b   ,L  tri   i 

01  by  a  con  bin  itionol  electricity  and  g  is, 

•  Packaged   /stems  may  be  mounted  s  a  single  piece  of 
equipm  ml  <  n  Ik   en   o\  on  jconci       >  id,  Ion    dean 

■:--i,'.,i'.-'i  ,V   ]"\:  ■■!  l:.-!  =  !  ■! 


I  ooi  ,-  (y<"  I  i«  ■  I  unit;  nay  be  placed  a1  intervals 
to  serve  long  buildings, 

'  id  iged  ysten    witl  'erti  }\  hafl    tl   I  ;onnectto 
horizontalb  mchductsi   ns  rv  buildings  up  to  four  or 
five  stork    inh  ighl 


Split-packaged  ystemsconsi  to1     outdoor  unit 
incorpora    gth    ornpressorai      Hidens     i 
unit  that  contains  th  cooling  md  heating  coils  and  the 
circulate  |  fan;  insulated    frigerant  tubing  a  d  control 
wiring  conned  th*    m  parts 
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Factors  to  consider  in  the  selection,  design,  and 
installation  of  a  heating,  ventilating,  and  air-conditioning 
system  include: 

•  Performance,  efficiency,  and  both  the  initial  and  life 
costs  of  the  system 

•  Fuel,  power,  air,  and  water  required  and  the  means 
for  their  delivery  and  storage:  some  equipment  may 
require  direct  access  to  the  outdoors, 

•  Flexibility  of  the  system  to  service  different  zones 
of  a  building,  which  may  have  different  demands 
because  of  use  or  site  orientation,  Decentralized  or 
local  systems  are  economical  to  install,  require  short 
distribution  runs,  and  allow  each  space  or  zone  to 
have  individual  temperature  control,  while  central 
systems  are  generally  more  energy-efficient,  easier  to 
service,  and  offer  better  control  of  air  quality. 

•  Type  and  layout  of  the  distribution  system  used  for 
the  heating  and  cooling  media.  To  minimize  friction 
loss,  ductwork  and  piping  should  have  short,  direct 
runs  with  a  minimum  of  turns  and  offsets, 

•  Space  requirements  for  the  mechanical  equipment 
and  the  distribution  system,  The  heating,  ventilating, 
and  air-conditioning  equipment  of  a  building  can  off-en 
occupy  101  to  151  of  the  area  of  a  building;  some 
pieces  of  equipment  also  require  space  or  a  domain  for 
access,  service,  and  maintenance.  Air  duct  systems 
require  more  space  than  either  pipes  carrying  hot  or 
chilled  water  or  wiring  for  electric  resistance  heating, 
Ductwork  should  therefore  be  carefully  laid  out  to 

be  integrated  with  the  structure  and  spaces  of  a 
building,  as  well  as  with  its  plumbing  and  electrical 
systems. 

•  Access  required  for  service  and  maintenance 

•  Construction  requirements  for  the  enclosure  of 
the  mechanical  plant,  fire  resistance,  and  noise  and 
vibration  control 

•  Structural  requirements  imposed  by  the  weight  of  the 
equipment 

•  Degree  of  visibility,  whether  concealed  within  the 
construction  or  exposed  to  view.  If  ductwork  is  to 
be  left  exposed,  the  layout  should  have  a  visually 
coherent  order  and  be  coordinated  with  the  physical 
elements  of  the  space  (e.g.,  structural  elements, 
lighting  fixtures,  surface  patterns). 


The  service  core  or  cores  of  a  building  house  the 
vertical  distribution  of  mechanical  and  electrical 
services,  elevator  shafts,  and  exit  stairways. 
These  cores  must  be  coordinated  with  the 
structural  layout  of  columns,  bearing  walls,  and 
shear  walls  or  lateral  bracing  as  well  as  with  the 
desired  patterns  of  space,  use,  and  activity. 
Shown  above  are  some  basic  ways  in  which  we 
can  lay  out  the  service  cores  of  a  building. 


A  single  core  is  often  used  in 

high-rise  office  buildings  to  leave  a 

maximum  amount  of  unobstructed 

rentable  area, 

Central  locations  are  ideal  for  short 

runs  and  efficient  distribution 

patterns, 

Placing  the  core  along  an  edge 
leaves  an  unobstructed  floor  space 
but  occupies  a  portion  of  the  daylit 
perimeter. 

Detached  cores  leave  a  maximum 
amount  of  floor  space  but  require 
long  service  runs  and  cannot  serve 
as  lateral  bracing, 

Two  cores  may  be  symmetrically 
placed  to  reduce  service  runs  and  to 
serve  effectively  as  lateral  bracing. 
but  the  remaining  floor  area  loses 
some  flexibility  in  layout  and  use. 

Multiple  cores  are  often  used  in 
broad,  low-rise  buildings  in  order  to 
avoid  long  horizontal  runs, 
The  cores  may  be  dispersed  to 
better  serve  spaces  or  zones  that 
have  different  demands  and  load 
requirements, 

In  apartment  buildings  and  other 
structures  housing  repetitive  units, 
the  cores  may  be  situated  between 
the  units  or  along  interior  corridors. 
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Pit  u    rsh,  Vi  M 
, ,  d  fft «  n    ngl 
for  deflecting  warm  or 

conditioned  air  from 
an  outlet  in  various 
directions, 
Ceiling  differs 
discharge  low-velocity 
air  in  a  spreading 
pattern, 

Piffi]  ■>!'•  nayh  r<  ind 
({\  m  01  til  -  i  or  be  in 
the  form  of  perforated 
( eilii  e-  tiles. 


Air  supply "  i  !, ,  ,    [0uldl   local    H   distribute  warm  or  cool  air  to 
i  i  oi  u  ned         of  a  s    &    omforl  ibiy  i  rithi  it  n  bio  'A  ,'  ail 

i  ithoui  brat  fii  tioi  Hiethroi  !distanceand  spread  or drf  u  'ion 
patte  nofthi  >n  plyoutl  i  >hi  t  I  r<  Fully co  i:  i. .-  ed  il  mi*  i  h 
anyobstru  ti  nstha  mi  litinterfi     with  th^  iii  listribution. 


■    :|    ■ .    i  ipl  oji    i  i, 
orperforat*     creensft 
covering  and  protei  ting  in 
opening. 

I  the  flow 
of  warm  or  condi'1  >ned  ii 
from  an  outlet  comp{  »i  I 

*  -,•  irillv  i;i  ■  lumbei  oi 

s  if  ilb  bl  At    th  it  may  be 
idj  sti     (      boovi     ; 
and  close  the  opening. 
Floor  registers  are 
usedti     >ntn  I  heat  loss 
i      >n    n  itii  i  all  ng 
,  (teri  i  /ind<  w:  and 

•  ill 


\ 


Throw  (T)  is  th  d  ;1    ii 

a  projected  airstream 
bi  m  i,  from,  noutlel  •  >  i 
point  when      •< !! 

reduced  to  a  specified  value. 
Itisdetern  i  ed  by  the  air 
locityan     i<    hap    in  I 
size  of  the  outlet.  *-——_ 


hould    •  n<      -     -   -,: 
- ;  he  depth  i       s ..  . 


X 


'pre,  l(   listh  extent 
t<    '    h    projecti  laii 
stream  di  fuses  it  the  end 
of  th  thros 

The  spacing  of  outlets 
sho  Idb    i|  pro  im  itely 
equal  to  the  extent  of 
their  spread. 

Fan  shaped  tl  i  w;5  =  T 


Straight  throw:  6  =  T/J 


CSi  Mo  srFormat  5  !  Dil      i    Rei  m  Grille 


w,,   r  p:  g     <  i|  ;«fo^ 


^*  Total  iperating  head  = 
service  pressure 
minu  frii  ti<  nh<  1 !! 

.^  f'h     ii   «  ii  mairrl  iins 


service  pressure,  It  requires 
lei  tricalpi  io  inda  fused 
Ii  >cs  nrx      iwil  h 

Install  supply  pipe  below 
frost  line, 


VV  itet     utilize  Hi    1  uilding  ith    o\\ov  ngw<  , 

•  Water  is  consumed  by  drinking,  cooking,  and  washing. 

•  HVAC;  y  ten    i  ircul  U  *  .  rforlw  liingand 

■  ling  ind mainta  ling  tdesii    lel<  /  \o    umid  ty 

•  Fire-protection  sysl  em;  itoi  <  water  for 
i s :  i  )ui  >hing  «  ;s 

Water  must  be  supplied  to  a  building  in  the  correct 
qi   i  tity  ii  ■   I   h<  pro)   t  fl  wi  1    pre:  i-i  i    m  i 
i  m\  ral  i    to    tti:  fyth    ibov  r  ruin  n<  nl  ..For 
hum  ii     !!  urrij  tion  :>  it  rmu: !  1   potable      fret  of 
harmful  bacteria— and  j  ilatabli   fo  md  h  clogging 
or  corrosion  of  pipes  and  eep'prnenl   v    er  may  have  to 
be  treated  forhardi     »o  i        >ivea<  di  \ 


•  Well  should  be  located  at 
least  10(7(50  as)  away  fro rr 
building  sewers,  septic  tank 
andsewag    Ii  po  il  field 
and  should  be  accessible  to 
perrnil  thi  \  m  )val  of  the 
/elh  isirii  ."i  pu  np  •  - 
maintenance  or  repair. 

•  Checl  ip|  li<  ■' :    odi    ti   ! 
jc     i  well  lo     ion  ■  md 

ii  I  II  itioi 

Private  Well 


i i.  tei      uppl  d\ )  amunii  i|  i  <   put  iii  >,       i 
there  can  be  no  Iii      control «  ei   he<  uantityor 

malil   ■ '  -1        •\\  |  \uAi\  ti!h!    ach(    a    I  nil  ling 

I  ipublii  \  ater  -y  temi  wi  >1  a  ail  il  ie, then    ther 
drilled  oi  I" f   I  well  -oi  rai  i       rstoi  ig<  tanks  are 
required. 

I  water.  H    *    oui     i    Jeep  enough  is  usually 
pure,  cool  in  Ifi     ofdisi  ol<  ra    n  and  taste  oi  odi  i 
pi  Wi  m  •.       n ;  '•  ih(  tldb  mi-  !  dforba  teriaand 
ch  mi<  il    >nten       theli     Iheall  id<  »    tm«  n1  before 
i  well  i  ;pu1  int.  <  p< «  ition 


Water  main  is  1 1  n  luil  through 

Ami  h   pubiii  "  n  n  iii    >.  iti  i 

i  m    'in    /  i     1  ■  ill  i   i 
connections. 


5     jce pip    onm   I    (building 
to  a  water  main,  usually im  tailed 
by  oi  und  t   h    urisdi  tion  of  a 
public  utility. 


Building  shutoff 
valve 


I     I 


*  Corporation  stop  is  a  valve  J 
controlling  the  flow  of  water 
from  a  main  to  a  service  pipe. 

Public  Water  Supply 


Curb  box  providi    acce1.  »t<  i  water  meter  that  measures 
and  record:  th    u  in  Dy  of  waiter th  u  \^  s<  >  through 
a  service  pipe,  and  the  control  valve  for  shutting  off  the 
■    ersi  pplyto    1  uildingi  i    seoi  n     u  g.  1 1  \ 


CSI  Mast-erFormaf  33  10  00  Wafer  Utilities 
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Vai  rsup  T       la  n    ■>]•,    rteund    pre     ire,  The  sen/to 
i    ?sun   if  a  .,  iti      ipi  ly     itei  imi  •  i  ''    g    itenos  §h  tc 
'.i    ii    sure lo!       (uetovei   cal  ti  vel    i<  fri{ ,  on 
■    /a1     flows  through  pipe:     dfittings      l  >  ill:  it 

the  pressi      .  ,i  i ,  m hp!  i  ibing  Fi  ture  Public 

watersysl  rn  i  :■  t  >u  ply  t*  tal  ut 50 psi (545 
I  ,  This  pressure!':  tin  pproxirriateupp  lim  <  rn  -  « 
priw  te  v  II  sy:  terns. 

I.  vatei ;    uppfied a1  5(  psi (3  5 kPa)    pfeeddb  ributi  m 
is  feasible  for  low-rise  buildings  up  to  six  stones  in  height. 
Fortailei   uildi  i<  *  o\  wherel  ii  w  ite   *erviC(  »re:  m 
isinsuffici  it  to  maintain  adi      tefh  ure  en/ice,  water 
is  pumped  up  to  an  elevated  or  rooftoj  «tora  stankfor 
§i  ivitydownfeed  fori  oi  thi  w,  peri:  o  !.'  lusedasa 
i  Si  ve  foi  Fin  protect  m  sy  ten  ■ 

There  must  be  sufficient  pressure  at  each  fixture  to  ensure 
itssati  ■'  u  tot  /open  tioml  ixtu  /  pi  *"  urei  omirement: 
varyfromi  i  >  0  •  (351  >  !07  I  i). To  i   u  Ii  pressure 
isasundesii  bl    is  insufficient  pressui    Water  supply 
pipes-  re  hi    fori  si  <  Itou  *  i|  tin  d\\    renti  (bet  / <  i 
the  service  pressure,  si!lowin§  for  the  pressure  loss  due 
to  v  i  i(  I  lift  'i  hydi  ul    fri    on  ind  h  pi     >ui 
requirement  for  each  fixture.  If  the  supply  pressure  is  too 
high,  pressure  redm  «   orregulatt   >m  <  be  installed  on 
plumbing  fixtures. 


•  ,i    \o\    '  ■  ■    i    en 

set  a     !       un    ii 
In  ighl  su1  icienl  '■'»  m  lint, 
d  qi    -  »u|  pl\  pr     un 

throughout  the  rater 
listril    ion  sy     rn 

its;,,  h  ifii 


Cold-water  supply 

Ho1  a  iti   su|  j  ly;h »  w  i 
( i  c  ilal     'S    rtu  oi  i1 
natural  rising  action.  In  long, 
low       building    pumps  ma 
•  requii  ifi  •  h  >1  v   ei 
circulation  and  distribution, 

i  xpan  .ionbend  .pei  ni 
I    m i!    pr  sk  ntoocci    i 
long  runs  of  hot-water  piping. 

Hot  va1  ,  c  turn  lim  to 
hi  Mr,  orsto   getanl  in  ivi 
pipe  '  c  terns 


ft    ..  .  .  I! 


Upfeedsy;  tern  !i  tribu  ei    aterfroma 
water  main  oi ,  neni  losed  moragel  n  i 
rum  n    sui   i  <  net  m\  n     ed  iir. 


Exterioi  ho  -    ibb:    hi  ul  lb<  Fi  >  -'  n  oi  ncod    fo!,  < 

W  iter  ofl  nei  remi  c    i  ilci  im  ndma  m  ?ium    ill 
froi  ih  in      tei     ion  exchange;  hard  water  can  ch  gpipi 
corrodel    lei      ndi  ihi   i  I  i    ud  mqa  tionol  >    } 
Water  heal  rsai     lectri    »  ;     ipj  lia  ici 
cheating  water  1      U  npi      un  between  1      '  m  I 
I40oF(50°i     id  »"'•'     r .    oring  it  for  use.  Safety 
p      >ur<  i>  liefvalve        •  |uired    i   Ih  ite  h    ters 
Hot-waft    'torag  tanks  mav  •  i  -j'  ir<  I  for  large 
ii  mallatiom  .  ndwi    spn  id  ;.  tun  gn  upi  i  \s 
•  nalt  rn  itivi       ■  ind,  >c  iatt   h<   tei   is  mon  i  n  in  I 
watemheati  s-  u  m  «  it)  ■.     ."'a  i1  the  time  and 
point  oi        rhi      ystem    reen,  gy  efficient  and     i  ii 
nospacefi       torag  tank  bu1  th  -  dt  n  .     in  exhaust 
■     tfortf    natural  sashea 
A  third  m!    rnafo  -       >olar  water-heating  systei     I 
»s  '    hety|     I  ho    vaterneed         icuseholdin 
nm  clit  i  U    In  temp*  i  it    lii  ia1     ■  ol     v.  U    h  iti  g 

,  ;     i  effectively  s  rv<  i    ipn h<  tin ; 

1  rn,.    up  by    utanda  h  »ati    h    ti      ;sten 
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The  pressure  loss  due  to 
hydraulic  friction  depends 
on  the  diameter  of  the 
supply  pipe,  the  distance  of 
water  flow,  and  the  number 
of  valves,  tees,  and  elbow 
fittings  through  which  the 
water  passes,  Runs  should 
be  short;  straight,  and  as 
direct  as  possible. 


+ 


Maximum  pressure  required  at  any  fixture 
[5to30psi(35to207kPa)] 

Pressure  loss  through  water  meter 
Pressure  loss  due  to  static  head  or  vertical  lift 
Pressure  loss  by  hydraulic  friction  in  pipe  runs  arid  fittings 

Water  service  pressure 


Individual  Demand 

Estimatingjbl 

Total  Load 

a!  Demand 

Fixture  Type 

Load  in 

Minimum  Supply  Pipe 

Total  Demand 

fixture  Units 

in,  (mm) 

fixture  Units 

gpm  OrO/m) 

Pathtub 

2  to  4 

72(13) 

10 

3  (0,03) 

Shower  head 

2  to  4 

V2(13) 

20 

14(0,06) 

Lavatory 

1to2 

%  or1/?  (10  or  13) 

40 

25(0,10) 

Water  closet,  tank  type 

3  to  5 

%(10) 

60 

32(023) 

Water  closet,  flush  valve 

6to10 

1  (25) 

30 

53(0,15) 

Urinal 

5  to  10 

Ve  or  3/4  (13  or19) 

100 

44(0,13) 

Kitchen  sink 

2  to  4 

:  „   .'■!.,.  i  ) 

120 

43(029) 

Clothes  washer 

2  to  4 

'/;/ 1  jCS 

140 

53(0,23 

Service  sink 

j 

Vx(1S) 

160 

55(0,22) 

Hose  cabb 

2  to  4 

y?  (13) 

200 

65(0,26) 

Water  supply  lines  may  be  of  copper,  galvanized 
steel,  or  plastic.  Copper  piping  is  commonly  used 
for  water  supply  lines  because  of  its  corrosion 
resistance,  strength,  iow friction  loss,  and  small 
outside  diameter.  Plastic  pipes  are  lightweight,  easily 
joined,  produce  iow  friction,  and  do  not  corrode,  but 
not  all  types  are  suitable  for  carrying  potable  water, 
Polybutylene  (P3),  polyethylene  (PE),  polyvinyl  chloride 
(PVCl  and  chlorinated  polyvinyl  chloride  (CPVC)  pipes 
may  be  used  for  cold-water  supply  lines;  only  P3  and 
CPVC  are  suitable  for  hot-water  lines, 

Water  pipes  are  sized  according  to  the  number  and 
types  of  plumbing  fixtures  served  and  pressure  losses 
due  to  hydraulic  friction  and  static  head.  Each  'type 
of  fixture  is  assigned  a  number  of  fixture  units,  Based 

an  equivalent  demand  in  gallons  per  minute  (gpm)  is 
estimated,  Because  it  is  assumed  that  not  ali  fixtures 
will  be  used  at  the  same  time,  the  total  demand  is  not 
directly  proportional  to  the  total  bad  in  fixture  units, 


rnar  eau  occur  wnen  a  voium 
g  in  a  pipe  is  shut  off  abrupt 
stalled  at  fixture  branches  t 
er.  The  trapped  air  elasticali 

ioands  to  eaualize  the  press 


Fixture  shutoff  valve  controls  the  flow  of  water 
at  each  fixture;  additional  valves  can  be  installed 
to  isolate  one  or  more  fixtures  from  the  water- 
supply  system  for  repair  and  maintenance. 
Fixture  runout;  the  roughen  dimensions  for 
each  plumbing  fixture  should  be  verified  with  the 
fixture  manufacturer  so  that  the  fixture  supplies 
can  be  accurately  installed  during  the  proper 
phase  of  construction, 
Branch  supply  line 

[fa  water  supply  pipe  must  be  located  in  an 
exterior  wall,  it  should  be  placed  on  the  warm 
side  of  the  wall  Insulation, 


ensure  proper  pitch  along  honzonsai  runs  tor  drainage. 

Cold-water  pipes  should  be  insulated  to  prevent  heat 
flow  into  the  water  from  the  warmer  surrounding  air. 
Hot-water  pipes  should  be  insulated  against  heat  loss 
and  should  be  no  closer  than  &'  (150)  to  parallel  cold- 
water  pipes, 

in  very  cold  climates,  water  pipes  in  exterior  walls  and 
unhealed  buildings  can  freeze  and  rupture,  Provision 
should  be  made  for  their  drainage  to  a  low  point  in  the 
system  where  a  drainage  faucet  is  located, 


Fire-alarm  systems  are  installed  in  a  building  to 
automatically  sound  an  alarm  when  actuated  by  a 
fire-detection  system,  The  fire-detection  system 
may  consist  of  beat  sensors  such  as  thermostats, 
orsmok       ectorsthal        i  j     iuets 

of  corn bi  ■  ■■,  .:  ' ;    i     '  .    i    i    require  the 
installation  and  hard-wiring  of  smoke  detectors 
in  residential  oa    •      ■■        ,.      /no 
Refer  tc  1     Natt        .       •  •      i     %so  mtions 
(NFPA  ■  i       fee      i     rnendations 

concerning  the  type  and  placement  of  heat  and 
nob,   el  ctoi 

Iniarsjecoi  n      i  ■  !«>!  I           il buildings 

where  pnl''.      :  ■  .  ■       i    ding  codes 

often  si,        ,:  -  •   '  r !           ,       ne cod 

allow  an  i  h         I  ' i     reai     [approved 
sprinkler  system  is  installed.  Some  jurisdictions 

quire  1     instal  ion  ffi      'rinkl     •     . 

,  mul     imily  I  ing        '• 

,    prinkiei  mten  eonsi       pi|    >th 

located  I:,  .  ■  i1  n      ( nn    tedl 

water  si  v  !l  '•  I   :  i    '      or  sprinkler 

hi  ids  made  1  pel  natiealiy       ...   lin 

temperature  fhel  i    '    '    esol  sprinkler 

iM    .  ■  I   >•-'  isan    li     >ij 
systems, 

•  Wet-pi  i 

pressure  1    movi       i     i  '        ontinuous 

diseh  \?§    hroug    .   inl  d  thai  'pen 
automatically  in  the  event  of  a  fire. 

-  Dry  pi| ,   ■       nsci  lairthal 

is  released  wher  is  in  the 

evenl  oi  fis.    illm    r   esti  off     ;h      |l 

the  piping  i     ml   h  open  lozzfe,  Dry-pipe 

systems  a.    isedwh     km  is  subject 
to  freezing 

•  Freas  ion  system    ai    ii    j  . 

systems  through  which  water  flow  is  controlled 
by  aval  .       m      '  \      iondevi  m 

more        I  s    '.  '■■    w 

Preaction  systems  are  used  when  an  accidental 
disch  'as  '  :  sable  rnateri 

•  Deluge  systems  have  sprinkler  heads  open  at  all 
times,  through  which  water  flow  is  controlled  by 
a  vat 

flame-sensing  device. 


Jhutoffvalv 

damn  vaive 
i beck  valve 


w  Sprinkl            _  -    iozzI  sfor 
di  ■>•■  rsi       >treamo 
ofwal    ,u  wall     >n1  •  lledb 
a  fusible  link  that  melts  at  a 
predel iture, 

'-*  Reserve  water  tank 

^  Checl     I    ;  ■      lev  iter  to 

fli    .  •  !,     i     I    0C1     •;'    ll\ 

*  51  m<  |    •     rewatf     i] 
extending     *     lly  hro  ejh 

building         |    firehoses 
at  evi  i   flo< 

-    Vet  si   idpipi    -  - ,  sin  water 
...  '     n  t>      ;  i\ 

fire  hi  r      erm  genoyuse 
by  building  occupants. 

a  Dry  sta      w     ontai  n« 
watei  a;,;    n  used  by  the 
fired-  partrrii  i1  to  connect 
■     h        (      re  hydra i    >i 
pumper  truck, 

^  Fire  pump     ovid  the 
required  water  pressure 
in  a  si  indj   •    n   prinkiei 
syst.  mwl  nth    i  esure 
inthi  ■  ml  n  I  ms  below  a 
preselected  value, 

v.  5|a! ,,     pj     j 

, .  i  ■  ■  tothi  ground 
on  the  '  •  '.  o\  i  building., 
providing  two  or  more 

i     i    igh  which 
the  fire  department  can 
vaterl        ,  dpij 
sprinkler  system. 
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26     PLUMB IN<    FIXTURES 


■\ 


S      i 


ft 


m 


\ 

1  >--r* 

\  | 

■'  ) 

Plumbing  fixtures  receive  water  from  a  supply  system  and 
discharge  the  liquid  waste  into  a  sanitary  drainage  system, 
fh  'i  should!    of  i dei-  e  moot  i  not  ib  -  'benl  i  la    rial 
and  be  free  of  concealed  fouling  surfaces.  Some  building  codes 
mandate  the  use  of  water-efficient  fixtures  and  valves  in  order 
to  conserve  w;  U  r  resources, 

■*  Air  gapi'  the  clear  vertical  distant    between  the  spout  of  a 
faucet  or  other  outlet  of  a  supply  pipe  and  the  flood  level  of  a 
recepl  u  le  Air  gaps  ire  required  i  >prev<  nl  bad  ;  iphonag; 
or l  ti  kblow  ( 1 1  edoi  on    rn  lated  !a\  i  from  iplui  ibing 
fixture  intt  ipipi  w|  >lyingp  tabb   siter  due  to  negative 
pn    ure  in  the  pip* 

-•  Flood  lew  isthelew  atwh  h  water  would  overflow  the  rim 
of  a  plumbing  fixture, 


fraps 

An  essentials  itui   m  he ;  mil  iry  li  ins  ft  >m  plumbing 

fixtures  is  a  trap,  a : )  shap<  d  or  5  shaped  sec  tion  of  drainpipe 
inwhichwa  be  water  remains   fhiswasti  water  forms  a  seal 
thai  preven    u.  ;'i    or  of:    /er gas  vital  >u1 , m *-;( J ing tahe 
norn  i! flow oi  wa    e    iteroi    ;w  §?  th  o  ghil 


I     D  WE  Credit! 

UseReductioi 


,(     -~J 

J 

■  ■'.'.  .c. 

1 

/] 

|         '        '    /  ■ 

„    ^  ^                                    „_.„..       __„    -«___..  ..„.,„„„_™1 
-a  -i        :   ■•                                                                                            ■ 

H  ;  with  water  seal 

i  "•  i : ,  luml  ing  fi:  tu  <  n « ui  es  i  trap. 

fixtures  >h    "-',   ,    suffii  i    ■      r flow      eriod    ilfy 

clean  out  their  tra|  ventsedimentl     i  coll     in< . 


traps  are  cast  into  water  closets, 

Walloutlel  I  n  il  hung  water  <  losets 
Floor  out  If  i  "     thertyp;     I  vater  closets 


A  drum  trap  i  >  icylindrif  Itrapclosi  !  ,(;  tf*  bottom  and 
having  a  cover  plate  foi   a     ;,commonlyin  tailed  on  the 

drain  line  from  a  bathtub, 


See  9.27  for  typical  lit  .  of  plumbing  fixtures. 
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Thewal  xture. 

After  water  has  been  drawn  and  used,  it  enters  the  sanitary 
,  ii  .  i.l     pi      ry object!       thisdrainag     letem'w 

ose  of  fluid  w  Ao\    mi    n    t     is  quickly  as  j  o     bl< 

Si  ice  a  stnitarydraii        .     ,,      -;.  <       r.  ityfo       dis<  harge, 

its  pipe,  a,   much  lai    rthanthi    a1      upph  lini  which  are 
under  j       ure,  I     «     elin          m     iccording      heirloc      i 
inthi     '   ■  i     id  the  total  numbei   rid  types  of  fi 

Iwaysci     ul  Chi  pli  in  ingi  >d  '«    illoi    ! :  pip  m  it  ri  ii:     : 

;  i , ;    i  ',.  •■;      ions  on  the  length  and  si        !  i  ,   (  italn  i 
and  on  the  tyj  <  s  and  numbei  of  turns  allowed, 

Drain  sgelin;    may  be  of  cast  iron  or  plastic,  (     tiron.th 
ti  h  ition  lm    eri      r  drainage  pipin    i    'h      huble;    o\ 
bell-and  spi  >1  j  ii ,     nd  fil  i  ig    fh     <      mso\  plastic  pipe 
h  ii  ii     \  i1    a  \o  < i  mag  lin    ai     oly    ylci  bride  (    '  I  i 
ci  i  nitrili  bu1  id    i    >  yr  ne  (AI   >)    om<  bi  ildin.     di     Iso 
permit  thi  usi    fg  t  >s    d   roi   hi  iron  or  steel. 


4"  (1 


stud  wall  ^  3"  (75)0  inbles  ,  i  t  iron  or  plastic  pipe 
•  2"  (51)  o  bi  II  ii  :  >pi0o1  •  !  i  iro  fpip« 


b 


%^J 


6"  (150)   fuel  wall       !  !(125)i  hul '      cast  iron  oi  pi,   I  <  pipi 
•  5"(75).ibi  Iband-spigotcastin    pipi 


wol  (  3i    i     bl     >cas      n     pi  isticpi 

8  5"  (12      beltani    j  ic    i  .  •     n  pip 


Maximum  Pipe  Sizes 

*  The  pi, «  ibin      mi\    lib*  hi  idfixtun      )  "J1  m  ugh  to 

icc<   imodat"    ■  jh>     nes.fixl      ru  loul      idaii   hai  ib  i 


a  Elbow  '    ean    i  l<     usi  i| ,  45° 
or  90°  bend, 

-  Dropelba ,     i  !  •:  '      PI      mentl 
a  wall  or  joist. 

•  Closet  bi ,.  ,  i  "ii  fitting 

waiter 
closet, 
■*  Teesaretsh  «'.  Ipij     ii  ingsfor 
making  th 

*  Dropte.  ha  lug:  '     itta<  hmenl  to  a 
vail  rji  l  ■ 

~®  Satiil  i  /        ',<     ■  Ii  hi  ( u  v<  in  the 
30°  transition  to  channel  !    flow  from 
abi  -a  h  pip*  n  ir  lirectio  io  th 
main, 

j  Wyes  i    ■       ped        ittingsfo 
joining  a  b    id    ipev  die  main, 
usually  at  a  45°  angle, 

-*  Nipples  ir    lis     lengths  oi  pipe  with 
thn    I    ne,    i end  u    d  I    ji  inin 
coi  pling      othi   pipi  fi  ting; 

-  Couplings  i  'esh    tleng  hsi  \  j  ipe 

laving    a  i.  nd  th    ».    I  m  th*  it  i. 
1  .-;  if  j  iningl  ,  pipe      th/  same 
diameter, 

j  Increaser  is  a  coupling  increasing  in 
diameter  at  one  end, 

)  I'ediif.  i  i    h  »Lipiingdi  en  i  Ingi  i 
;  ,1 . ,   "ai  oneend, 

j  Union  ici  ni  ei     w<  pi|     neither  of 
which  rai    e  turned    >    i  ting  of  two 
inl  rn;  h  thn  tf/  end  pit     *  thai 
in  tii  fit  ned;    n  h  thepij    end:  ; 
b  j  i,i.  ■•.  md  in    tern  illyth  eaded 
center  pieci  wh     ,m.  the  two  end 
pieces  togethei  r  i  i:  ro1  ted 

-  Plugs  ire<  ternall  thn  i  led  fittings 
for  closing  heei  !  of  a  pipe, 

-*  Caps  a   in    rnallytl     ,  d  fittings 
for  end  1  *,    :•■   n     I     ipe 

j  Bell  ii  :   ,  ./  -•,«  ji  inl     ren  d  b 
fitting  th<      I  (spigot)  oi    i  pipe  into 
the  en!,.,,'  1  ,,  (I  dfjofanothei    | 
lii     /ithacaulkirii    >mpoui 
or  a  compressible  ring, 

Pipe  Fittings 
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The  layout  of  the  sanitary  drainage  system  should  be  as 
direct  and  straightforward  as  possible  to  prevent  the 
deposit  of  solids  and  clogging.  Cleanouts  should  be  located 
to  allow  pipes  to  be  easily  cleaned  if  they  do  clog. 

*  Branch  drain  connects  one  or  mow 
fixtures  to  a  soil  or  waste  stack,-  ...... 

•  Horizontal  drain  lines  should  slope  '"-  ... 
Vs"  per  foot  (1:100)  for  pipes  up  to 


Stack  vent  is  an  extension  of 
a  soil  or  waste  stack  above 
the  highest  horizontal  drain 
connected  to  the  stack; 
extend  12"  (305)  above  roof 
surface  and  keep  away  from 
vertical  surfaces,  operable 
skylights,  and  roof  windows. 


3" (75)0. and 'A; "per foot (1:50) 

for  pipes  larger  than  ?f  (75)  0. 
Fixture  drain  extends  from  the  trap 
of  a  plumbing  fixture  to  a  junction 
with  a  waste  or  soil  stack,  ■■ 

| 

J 

J  \i                   j              T rwrcc-----.^ 

Soil  stack  carries  the  discharge 
from  water  closets  or  urinals  to  the 

building  drain  or  building  sewer. - .... 

Waste  stack  carries  the  discharge 
from  plumbing  fixtures  other  than 

_* 

1 

I  '■-■  ■'   1  J      !  i         i 

water  closets  or  urinals. ■ - „_ 

TSj 

_    /              -    -■-   ; 

Minimize  bends  in  all  stacks. 

Branch  interval  refers  to  a  length  of - 

soil  or  waste  stack  corresponding 
to  a  story  height  but  never  less 
than  5' (2440).  within  which  the 

,   ' 

:                         : 

horizontal  branch  drains  from  one 
floor  a  re  connected. 
Fresh-air  inlet  admits  fresh  air  into 
the  drainage  system  of  a  building, 
connected  to  the  building  drain  at 

■ 

i        J ;        L-TCJ^          1     r— -—— -t 

■  '.-"■  1  .     ;;.... 

or  before  the  building  trap.             y ; ~ 

Building  sewer  connects  a  building 

drain  to  a  public  sewer  or  priva  U-               • 

treatment  facility.  -x               .'       \i 

!           C 

j 

;        -       /. •  -•-  .1 

|T  '^p^^™^™^™^^ 

___Jlj 

i  i    i       i 

!  I  !    i 

Sanitary  sewers  convey  only  the 
sewage  from  plumbing  fixtures  and 
exclude  storm  water;  storm  sewers 
convey  rainfall  drained  from  roofs 
and  paved  surfaces;  combined 
sewers  carry  both  sewage  and 
storm  water. 


DLJildingtrapis 
installed  in  the  building 
drain  to  prevent  the 
passage  of  sewer  gases 
from  the  building  sewer 
to  the  drainage  system 
of  a  building.  Not  all 
plumbing  codes  require 
a  building  trap. 


miiciing  drain 
drainage  sys 


he  lowest  part  of      L-~- 
1  that  receives  the 
discharge  from  soil  and  waste  stacks 
inside  the  walls  of  a  building  and  conveys 
it  by  gravity  to  the  building  sewer. 
Building  storm  drain  conveys  only 
rainwater  or  similar  discharge  to  a 
building  storm  sewer,  which  in  turn  leads 
to  a  public  storm  sewer,  combined  sewer, 
or  other  point  of  disposal. 


Vents 

The  vent  system  permits  septic  gases  to  escape  to  the  outside 
and  supplies  a  flow  of  fresh  air  into  the  drainage  system  to 
protect  trap  seals  from  siphonage  and  back  pressure. 


-  Relief  vent  provides  circulation 
of  air  between  a  drainage  and  a 
venting  system  by  connecting  a 
vent  stack  to  a  horizontal  drain 
between  the  first  fixture  and  the 
soil  or  waste  stack. 

-  Loop  vent  is  a  circuit  vent  that 
loops  back  and  connects  with  a 
stack  vent  instead  of  a  vent  stack, 

%  Common  vent  serves  two  fixture 
drains  connected  at  the  same  level. 

-  Vent  stack  is  a  vertical  vent- 
installed  primarily  to  provide 
circulation  of  air  to  or  from  any 
part  of  a  drainage  system. 

--*  Branch  vent  connects  one  or  more 

individual  vents  with  a  vent  stack 

or  stack  vent. 
~*  Continuous  vent  is  formed  by  a 

continuation  of  the  drain  line  to 

which  it  connects. 
-*  Back  vent  is  installed  on  the 

sewer  side  of  a  trap, 

-  Circuit  vent  serves  two  or  more 
traps  and  extends  from  in  front 
of  the  last  fixture  connection  of 
a  horizontal  branch  to  the  vent 
stack, 

-  Wet  vent  is  an  oversized  pipe 
functioning  both  as  a  soil  or  waste 
pipe  and  a  vent. 

s  Cleanouts 

-*  Sump  pump  removes  the 
accumulations  of  liquid  from  a 
sump  pit.  It  is  required  for  fixtures 
located  below  the  street  sewer, 
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■    .':  i     •  :  i  •       .  ,     ■       fron   »lui  i1  ;  ...     tu 

o  i  oil  lii  f,   Hit    >i   u  ■  !.   '  'ii.;  J  ■  -     .  Wh  -i ;:  i    • 
not  possil '      private  Si ..-  q    !>    os  il  system  i  ,   mired.  Its 
type  and  >izedep<  don  the  number  of  fixture      rveda  id  the 
, .     eabil    /of  the  soil     .       mi      by       ,1     ••  <   . 
Sewage  disposal  syste       <    ,    .  w  ,  !      wit       ni  n     • 
and  must  beapprov       idh  b       healtl    epartment 

before  being  i    ntc     >e.(    isulti     buil  ii  |  and  ,.  eh  h  codes 
forspecifi  i  i  il    ion »  f-<  i  ..  urn  ments. 


s    ;pti<  tank  is  a  covered  wa1       |h1  tan  I  ■  i  re«    ving  I  ; 
li  cb  «    ■  romal    Idii       i   r.sepai  iting  »ut  th    did     \  ini< 
i      r,  which  i    lea  mpo     I  and  purified  by  anaerobic  bat 
,  i,   ill    inq  the  cl  irifiedlii  uid  to  iischaroj!  fo  fin  i  li:  pi  .  -! 

ih  lion  \d(  M  ien1  vvhi   ii     boul  10%  »urM    l,m   'fl<  'ii  - 

one  of  the  following  systems; 

•  Adraii  i  Idisanopenai  so  n  u  ling  la  in  ji  mentof 
absorption  trend  through  which  fflue  I  ma  septic 
tan    •.  >   et  p  >i  Ii  i  :hii       I     urroui  d  n    .oil 

•  Aseep  g  ;*'.  lilt  I  with  a  j  rfoi  it<    m  ;   n 4?> ,  t  ncn 
wall  is  »oi     inis       S         ubstitul   for  ad    infi    I  '    n 
,'    soil!    I  orbi  ni  a  id  thehicjhesl       lofwatertal  le 

at  least  2' (61   )belo    »!i    hj\A  m<   the  pit.  — -— 

•  Asubsurl  ici      id  filter  con:    i       di:        Won  pipes 

i  ro  :.,,  Jbyf      ,   •«,  .      [intermediate lay 
coars,  ',-1          i      I       fui      Irainstoca  ry  off  the 
fill  .    !    ;  uenl     ,  nd  i     i     r<  m  d<  nly  v  ere  other 
system    ire  no    -    ,  bie,  — — — ~_ 

•  Oraywa      cfersi     lew       vaterfi     sinks  baths, 

ii     i       ddisi       I        -  •••        s    ...      dandi       led 
for  such  uses  as  toilet  flushing  and  irrigation.  To  date,  few 
communiti     i        :  .  -     odeprovisioi     Mowing  the 
reuse  of  §  iywa1       maywafei      -terns  sl  ml  I  be  isedin 
-  injuni  ion  with    i      sitewi     »en    ion  strati  ,i-  ./such 
as  specifying      i  ■    •.'      i  fi   u       ndca     iri  .*      i    i 
,    ,    rf      'i     ffinci        •     id  reservoirs  for  use  in 
■  n  ■  :  . 


— ^  Preca  tconci       i    ■    cap 
optional 

— -*  Septic  tank 

•  Locati     , !  *  '  ;  »    «• 
drain  i<    fi  Id   i  least 
10(7(5  mi     ■     from  wells, 
50'  (15  ni)  from  streams,  and 
10' (3  m)  from  buildings  and 
j.-,-  < ri   lin  s 

i  n  d<  in )  h  mil  t     ;  b  §i 
septii  i  in  employ    i  !,  nil 

ictionti      omaticail 
dischahj.  Se  ;•  volume  of 
,  fli  n     hi .    pi  <!   -   ii  n< 

[ua    tyh     icci  m  il  i 

.-,  %  Distribution  box  is  quipped 

1        with  b  ffl      idirecl  effluent 

j        tovarii     |   rt  of  the 

!        disposal  field, 

? 
a  J 

Dt  til  ;;  fii  sd 

-•}—  0O1  (11?  m)  maximum 

1     '  Dis   ibutionj  pes  ho  ',  ru  i 

perpendicular  to  slope. 


-    sbsori  i  i      if  hi  ■  are 
15"  to  50"  (455  to  760)  wide 
and  30"  (760)  deep;  they 
..  ',  •    m       ,  m  qai   a  id 
i|  rforateddi    ri  iti(  i  ij e 
through  which  the  effluent 
from  allowed 

i     o1  lesoil. 

•  2'-0"  (610)  minimum 
to  water  table 
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measure;  voltage 


The  electric  I  >y  t  m  H  3  building    ipplit    powerfi    lighting  hi  rl  ig  and  the 

operation  of  ele  tri<  i  equipment  ind  i  fiances  thi  i  sy:  fc  nmust  bein  •(  illed 
according  to  the  building    idelectri  ilcodesinord    to  operate  safely,  reliably, 
and  effectively,  Ail  electrical  equipment  should  meet  Underwriters  Laboratories 
(UL)sl  n^1'  I    !  onsuh  th  Nat  on  il  I  led  i  .  '  >di  I      pecificr  quin  m  '.I 
1  i<  i   >ign  ndin:  i  ill  ition  A   n^  el  ( tri  lis    ten 


Vtal\  ■  wi  i  h       ;f 


Flow:  current 


;  ||f|  1:": 

Friction;     i  ••  ■" 


Hydrouli  Inaiogy  o  Electm  Circuit 


ElectricaL.ii  ,  jyj  >w  .  I  -ough  icondu  tor  bi    ius<    I  idiff  renc<  in  electrical 
!  \rcj(  between  tw<  paints  in  a  circuit, 

*  Volt (V) is th  lunil  •'  lecti  imotivi  fo  ■  t  ned  i  i,  <!  I  >  •<  h  oi  If  tri< 
potential  be1  >i  f  wopoinl  o  i  conduct  r  carrying  const  nt  current  of  one 
impel  ,  when !•  •  pow  i  d\  •  ipatedbetwi  n  th  :  point    i  ■■  qua!  toom  watt 

*  Ampere  (A)  i  th  basi<    >l  unit  of  elect™    urrent     |uivalenttoaflowofone 
coulomb  per  second  or  to  the  steady  current  produced  by  one  volt  applied 
across  an  i  I  mceofoneohrn, 

-  Watt  (W)  is  the  51  unit  of  power,  equal  1   oi    joule)  i  .ccond  or  to  the  power 
itedbyacun    itoforu    i  ip<  n  flowing  a    •       pot    tialdii   on. 
of  one  volt, 

*  Ohm  is  the  SI  unit  oi  lectricafre;   «1  m     equal  to  then  istanceofa 

i  >n  lu<  toi  in  err-  h  ipotei  tialdift  n  riceol  one  voll  pi  du< .     n  urn  nt 
ofom  en '  i       to    1 

Power  is  u  m%  -uj  pit  f  •  !  i  ri  ildingbythi  electrii  utilil     •  i  ip  ny.  The 

schematic  diagram  below  illustral    >  t  eratvoltag.   systems  hat  may  be 
fun  i  hedbytl    pul  It  utili     \ca  'ding  U  th  loadi  quin  i    nl  »oi  i build  ig 
A I  irea  installation  may  use  h      vnti  in: !    m    toste|   iown  from  a  more 
economical  lighersupp    /oil  getoth      rvicevoltag<  (Sen  sitoi     tsrnaybe 
n  urn  ■' I  ■  u|  ply i  m  i  |<  n<  >'el  c  ri<  il  pow        exitligl  :'.!.  •••  •  i  >y;  ti  r 


limps 


lunatic 


, 


Utility  company 
>    ii  formei 


120  V,  single 
phase,  two  wire 


120/205  V, 

single  phase,  three  wire 
120/240  V,  single  phase, 
three  wire  service  is  more 
n  nm  nf  rr     f  in  s 


120/205  V, 

three  phase,  four  wire 

This  service  can  be  used 

by  all  but  the  largest 
installations  which 

require  higher  voltages. 


'rounded  neut   il 
All  electrical  systems 
must  be  grounded  to 
provide  pi  >te<  tion  ig  tin  I 
;  ho  !     1 1' a     ical  fin  s 
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'  i<  |  ibl    itil  tyi    np  n    ta!db<  l"-  iedoftbi 
■  .!  ., ,  ricailoa    equi   m    >    foi    buil :  ..  i     g 
.  pi  mniru  ?h    etoc  nfi  nservi     it  liability  and  to 
ordinati  th<  location  of  the  service  c<      <  i,    indmetei 

Theservif    conn    Won  may  I    )    rhead  or  unt  ei  ground 
)  erne,  '•  >    >\    ;  r        p<  nsiv     ,  fly    c.  "''.I 
■   tin    n  i    .  •< ■'"   n    n     icjh^  (1  ge    i<  rt  i     uns, 
'  ndergn  md:    •       arm        tensive  but  i  used  in  high 
i   •  I  nsil      ■",  •  «     i  has  urban  areas.  Th<   erne 


blesai    uninpij      >ndu   or  raceways  ft    retortion    id 
toallowfoi  on  ire  repla^  rneni  Dired  burial <  iblemaybe 
used  for  r    id     ialservka   onnections 


,  tran     rrn  ri    <  ■<  b;  n  diun  ■  i   .  an  I  *g  :buil<  in 
i'  iti  >  lown  ram    high  si  pply  ?olt<  ,«  be  thi  :  rvic 
voltage  Foi    uq  costs,  main       i      md  o  »e  and  heat 
problems,  a  transformer  may  1    ?lace<     i  an  outdoor  pad. 
I  local  d  i  in  i  i  uildi  ig.oil  fill  dtran      i  lei    i  qui  i  i 
-'    i/en  ila   a  i  n  i  i  ed  m  H  with  two  exits  and  located 
on  an  exterior  wall  adjacent  to  the  switcher  room. 
Dry-type  ,  n  f<    in     us<  I  in  >m  ill   <u  h 1  diurn  sized 
buiidi  w    nay  be  placed    >gi  in,    •  •:  a  !;-  c<  nne  ,   wii  ;h 
and  switches-ear  in  a  uni      bs1  ition  - — •—,_,_ 


fh<  j(  -v  -  wit<  h  >them  indiscoi  ned  foi  the  ntfn 

electrical  western  o1  il  uilding  e      »1  foi  anyei  •  rg<  n  v 
power  sy  ste  m  s.     - — — ~ — _..,_ 

fh(  so!  c.  equipi    n1  n  ;lud<  *amai  i  h  c  in  i    switch 
mdsecont   i   •  mU  I  <  <,  in  ;     ind  in  u    bi  makers  for 
.t  nl  '  llingai  i|  roti   ting  thi    I     rii  po  a?rsup|   •  o 
a  building  H  is  located!  i  iswi  chejea,  i  ro  s;  im  irthi 
enti  ii .  eoi  •  h«  ?ervic    ;on  im  tot  3.      ■— — ~~^_ 

In.  main  ■  ii  hboardi  pa  !  i  lit  hai  rrn  ml  d 
wit  he;  ov  i  urn  n1  levi  es3  <■*  ring  ins  rum<  nl  ; 
andbusbai  H      on  '<  lirii     i  tr  !u1  ig  in  I  TOtectin^a 

i  imb  rofel    trie cin !  - '  >ul  ib   o\    •  i 

p<    iib    to  thi     f  .•      nnection  to  i  lini  i        11    j«  dro| 
id  foi    irin       momy         ____.. __ _ _ - -• 


f— 

I 

Service.. •),  V   o     •     id  from  a 

■  i  e  .  ,¥ei  iinei  i   i  .   formei  to  the 
service  equipment  of  a  building. 
'  •   'Id  Iro  isth  overhi  idpoi  ioi 
rfserviceco  idu<    >r<     -  ■  !  nq  fr<  I 
nearest  utility  |      1       uilding 
Service  Ia1  i  I  isth       lerground 
portion  of  s    ia  con  k  tor 

from  a  main  power  line  or 


;   n  a," 


power 


-*| 


,     i  fori    i  to  .    n'ldii  j 
5<  rvii  !i  nti  fi-   con  in  toi  i 
thep(  tiorn  fa  >erv\  t  condu  toi 
;x1  ndin^  Pn  n     i     '    Irop 
ervice  lateral  to  th    »ervi 
equipment  of  a  building, 

VVatl  houi  mi '  i  mi  i  m  <  sand 
records  the  qua i  tity  )f  electric 
power  consumed  with  respect  to 
time.  Supplied  by  the  public  utility, 
1    »alwayspl      I  ahead  of  th  m  tin 
in       mi     ii:    i     mnol 
bedis  on  ected. 
for  mull  i[-i(  occi  p;  nc)  buildings, 
banks  of  m  toi  )  m  \m  <  died 
tha      chi  nil  <  mbi  m  tei  d 
independently. 

(3  oun  it"!  mi*  elei  t  .wlt-  isfi  *!i 
embed  I  din  ;h  earth ti  <  tabli  >h 
ground  connection. 

fop  i  ii  b  m<!-  scene;  tpae. 


1__ 

1 
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Paneiboard- 
and  protect 
branch  circi 
system.  In  1 
they  are  be 
closets  clot 
circuits,  In  i 
installation 
combined  w 
to  form  a  se 


ithl 


Once  the  lectrr  \\po  'en  -qufr  i    nt:  for  the  various 
in     (      building  are  determined,  wiring  circuits  n     :  ' 
id  out  1    ii    ribute  the  power  to  the  f      I    >f  utili     i. 

•!'••.      i  iretheportioi     rfanel     rical  system 

■  !    idi  ig  Pi  >m  the  fin  I  oven  un  ; !  d<  >\<  -  pn  '   tin 
a  circuit  to  the  outlets  served  by  the  circuit,  Each 
branch  circuit  is  sized  accordii  ,      h    imountof  load 
it  must  carry.  About  Vlofi    «  ip  icityisn  s<  rvedfor 
exibil         /       >mandsa        lo  avoid  an  excessiv 
drop  in  'oli  ige,  a  branch  circu      oul.      ti        II  !f 
(50  m)  in  length, 

•  -  i  ii  >  >!    irposeci    uh     uppl      rrei    ,       uml  i 
«>i  couth !    I- i  I  ;    ing  nd  ij  p!  nci  >. 

•  !'  cept  iclesin  ,v  1  !. «  itt  n      i<  h    »in!  ithn  ■  i « 
should!'        ■        by  a  ground  fault  intei  upl  r(GFI). 

AGFiisacin  ■ ;i  '■.    ker  that  sen        irrenl      •>    d 
•  '    i   « :  ,        id  instantaneously  shuts  off  powei 
before  damage  or  injury  can  -  •    u    fhi  protectt  m  may 
be  provided  by  a  GFI     eptacleorl  Ibrea 

the  service  panel, 

•  ppli     i  |  'i  ttooneo  rm  i     i 

llyi      ided  for  appliances. 

•  Individual  circuits  supply  current  only  to  a  single  piece 
of  electrical  equipment, 


.    "  '      ITIi     •'    I 

hedesignloadl         n      -   rp< 
lepends    i  the  number  oi    ceptacli 
•  -i  n  i :        i      re  u     '•  •    isu 


Lorn  voltage  circuil      i 
curretrl  below  50 \      ppliedl    istepmJown 
tram  n    tii    From tl      rmallinevi  ll  m 
the:  (  '  ire  mi  > are  used  1       a.  ntiai 
systems  tec  ntrold     bell    inia  'corns. 
heatingam    oolingsystem     ndi   n  U 
lighting  fixtures.  Lov  \  >lt    •  m  ngdi  <  s 
not  require  a  protective  raceway. 
Low  volta  •    \  iti  h  ng    us  h  hi  n  i 
c<  nti  il  co     '  Ipoi  i1      lesired     m  vahich 
all  wit  hingm  ly      epla     rhe  lov     il  •  • 
switches  control  relay  thai    '•    h<  u  tuai 
switching  i1    hi    erviceoutlel 
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/« idiu  '  •''  I  a "  Etei  ricol    ;tribulioi 
M  alius  i-Voltag   Circuit  P  m  cfio      v  e 


felephon  louldhavethei  out!  ,    :     ited 

and  i  i red   unrig  construction.  Lai      nstal    i  ii 

I  •      |ui       er!       om     Lion     rrninal  enclo  »ui 
riSi     paces, etc.,    milai     elect!    lis    terns.  Largi 

/stemsarei  uall;   lesig        urnished.,,  i-  insl  i  l<  1 
by  ■  '•'  lets      un        ■    •  ompany, 

ibl  Lelevi  ioi   -    I  m  onayn     iv     •  v   ignafsfrom 
arioutdoi    ait  una  Hi     l       icabt     m  party 

orachsed  circuit  system,  if  si  i  ral  <  utletsare 
required, a  120 Voutl    ;     uppl    !    >  ei         implifier. 
Coaxia  1  ca bias  in  a  nonn  ■    I lii     nd ucl  r  raceway 
tran  n  il  th«  n  j  1        »ign ,;  Dothi    i  ow.  outlets. 


A  conductor  is  covered  with 


wvent  ms 


contact  with  other  conductors  or  metal,  and  to  protect 
it  against  heat,  moisture,  and  corrosion.  Materials  with 
o  high  resistance  to  the  flow  of  electric  current,  such  as 
rubber,  plastics,  porcelain,  and  glass  are  commonly  used 
to  insulate  electrical  wiring  and  connections, 


Conduit  provides  support  for  wires  and  cables  and 
protects  them  against  physical  damage  and  corrosion. 
Metal  conduit  also  provides  a  continuous  grounded 
enclosure  for  the  wiring,  For  fireproof  construction,  rigid 
metal  conduit,  eleetricai  metallic  tubing,  or  flexible  metal 
conduit  can  be  used,  For  frame  construction,  armored  or 
nonmetallic  sheathed  cabie  is  used,  Plastic  tubing  and 
conduits  are  most  commonly  used  for  underground  wiring 


and  protecting  electric  wires  or  carries 
that  are  joined  together  in  connecting 
or  branching  electric  circuits. 


t3eing  relatively  small,  conduit  can  be  easily 
accommodated  in  most  construction  systems.  Conduit 
should  be  adequately  supported  and  laid  out  as  directly  as 
possible.  Codes  generally  restrict  the  radius  and  number 
of  bends  a  run  of  conduit  may  have  between  junction  or 
outlet  boxes.  Coordination  with  a  building's  mechanical 
and  plumbing  systems  is  reauired  to  avoid  conflicting 
paths. 


Trench  header  perpendicular  to  raceways 

Floor  outlets  are  located  on  a  preset 

module. 

Cellular  steel  floor  decking 


sarpes  squares 

1, 2,  or  3  circuit  flat  conductor  cables 

'with  low-profile  outlets 


CSI  Masher  Format  26  05  00  Common  Work  Results  for  Electrical 


Access  flooring  systems  are  typically  used  in  office  spaces, 
hospitals,  laboratories,  computer  rooms,  and  television  and 
communication  centers  to  provide  accessibility  and  flexibility 
in  the  placement  of  desks,  workstations,  and  equipment. 
Equipment  can  be  moved  and  reconnected  fairly  easily  with 
modular  wiring  systems. 


~-  Access  flooring  systems  consist  essentially  of  removable 
and  interchangeable  floor  panels  supported  on  adjustable 
pedestals  to  allow  free  access  to  the  space  beneath. 
The  floor  panels  are  typically  24"  or  600  mm  square  and 
constructed  of  steel,  aluminum,  a  wood  core  encased  in  steel 
or  aluminum.,  or  lightweight  reinforced  concrete.  The  panels 
may  be  finished  with  carpet  tile,  vinyl  tile,  or  high-pressure 
laminate;  fire-rated  and  electrostatic-discharge-control 
coverings  are  also  available. 

-*  The  pedestals  are  adjustable  to  provide  finished  floor 
heights  from  12"  to  30"  (505  to  455);  a  minimum  finished 
floor  height  as  low  as  5"  (205)  is  also  available. 

-  Systems  using  stringers  have  greater  lateral  stability  than 
at ringerless  systems;  seismic  pedestals  are  available  to 
meet  building  code  requirements  for  lateral  stability. 

•  Design  loads  range  from  250  to  625  psf  (1220  to  3050 
kg/nr).  but  are  available  up  to  1125  psf  (5490  kg/m2)  to 
accommodate  heavier  loadings, 


The  underfloor  space  is  used  for  the  installation  of 
electrical  conduit,  junction  boxes,  and  the  cables  for 
computer,  security,  and  communication  systems. 
The  space  can  also  be  used  as  a  plenum  to  distribute  the 
supply  air  of  the  HW\C  system,  allowing  the  ceiling  plenum 
to  be  used  only  for  return  air.  Separating  cool  supply  air 
from  warmer  return  air  in  this  mariner  can  reduce  energy 
consumption,  Lowering  the  overall  height  of  service  plenums 
also  reduces  the  floor-to-floor  height  of  new  construction. 

Consult  manufacturer  for  installation  details  and  available 
accessories,  such  as  ramps  and  steps. 


CS1  MasterFormat  09  69  00  Access  flooring 


;'  i;'i  ,     i  :    •  .  all      !  "! 
outlel     re  the  rnosl     ible  parts  of.  lelet  tricaf 
■  ■  itei      witches  and  n    p     leoutl       h  i  . 
be  located  for  convenii  ita<         md  coordin 
withvisibli    u    \&         -     '   II  plat*    foi  these 
h  ice  i  l    ,;  oi  nel  il  pi  istii 
.  rail  ibl      i  variety  of  i  l<      m,  fini 

The  desijj'  I  m\  b\  !  gen     Ipurpi  sei  ircuit 
ii     i  I  on  the  number  of  outl  I 

circuit  and  how  thi  /  ire  used.  Co\  lit  the  N  stional 
Electrical)  ■  d<  '  caif  ul  itin  i'1  qui  d  number 
and  spacing  of  convenience  outlets, 

Switches 

•  oqqlc  witch  ha  ■  ■.  ■/    o\  knot  I  1 11  mow 
thro  wn  i  ...  Hi  in    n  h  us      hi  co\     el     ■ 
open  oi  close  an  el    trii  circuit, 

#  fhree-w  ,.     <i    hi:     em-  poll  >•<   it  throw 
switch  ii!  edin  onjuru  tionwith  notherto 
control  lighl    ron     oloca    n    - 

*  Fouwwa;  switch  i  i  edinc*  [junction  with 
twothree  ejy switche    oconl    »l  lights  from 
three  locations,  - ._.,.„. 

*  Dimmer  i<  a  'heo:  M  or  imiiam .  vice 

I  i  n  |ul  itin  |  thi  in1  m    yofai    lei  tri< 
Ii  |M  vitl  out  ipprei  iabiy,  Ffecti  ios  ■  itial 
distribution, 


-*  Switch  en  latch  side  of  door: 

4'-0"  (1220)  maximum 

for  accessibility 
•^  2J/2"  (64)  minimum 
~*     u  m'    05); 

15"  (455)  for  accessibility 

Heights  of  Switches  and  Outlets 

Residences 

•On    utleti      /I      660) all    ; 
walls  in      1 

•  One  outlet  every  4'  (1220)  along 
countertops  in  kitchens 

•  One  GFi  prol     .     utletii 
bathrooms 

Offices 

•  One  ontiet every  10'  (5050)  alone 
walls,  or 

e  -  «    1         '      '  '  if  (5,7  mz)  of 
floor  area  for  the  first  400  sf 

n  ;  .      leoi       foi  every 
100     (9     1      hei     tei 

slumber  of  Convenience  Outlets 


Receptacles 

•  Duplex  rem  pi.  d     il       lied  convenience 
)utli  bs       u  ially    1  un  .  ]« i  ,      Hand 
house  om  '  mor       ;ptacl   » for  porl  b 

I  ■  n|    oi  ippl  ii 

•  Split  win  !    ceptacles    >n  sin  me  outlet 
thatisalw  /     ier<  iz<  .  md       cond  outlet 

hat  i  control    lb   1  wall  switch  — — 

•  Special  1-  ceptacles  d    ignedto 

type  of  af  plian     vill  be  polarized    id  ha 

ific  configuration  so  that  01       ta     nents 

from  ih  1.    .    r  rii  i   ill  fi1  -     i     ptacle.  - 

e  Outeb   receptacl      !    ildh  r  ma 
watei  resi     ni   over.  - ..„_ 

•  Inafi ec 1 0  iti  ,1 )} re  ipl    If      0 1  Its 
protected!       roi    I    1     ni     upter (GFI). 


w 


'■  •  ■  ■      £115515 

51         iuorescen  Ii'  tare 

•  Panelboard,  surface          O 

•  Ceiling  incandescent 

*  Power  panel                  KJ 

*  Wail  incandescent 

■  Lighting  panel            r^zeii 

■    fr  ci  ;  ht 

s  Transformer                   (|) 

*  Recessed  light 

s  Generator                     mm) 

•   5    ;  ,     -I 

•  Motor 

•  Special  purpose  outlet 

*  ■    1      ■- :-       ml 

•  Television  outlet 

s     i  ;i      ieswltcl             l£HJ 

•  Chime 

*  Three-way  switch             |jli 

*  Pushbutton 

•  Switched  receptacle          © 

.     C        re  C  0  pr  a , 

•  Dimmer  switch                (5) 

•  junction  box 

*'■•>'        '                  =0 

=          ,               ction  bo 

4  Floor  d i         •    •            (l) 

•  Thermostat 

•  Telephone  outlet              Nl| 

*  Computer  data  outlet 

Typical  Electrical  Plan  Symbols 


1 .  4J  i    lectrom  i  jn< ti  t  idi    ioi  ih  itthi  mai  I  d  lum  in  y  c  in  pi  ceh    h  ivin  ja 

1    -'.  i  i    h  in  the  range  from  aboul  e70  to  600  nm  and  propagating  at,    peed  of  1ft    \b 
mill    pei  m    )nd  (2!   ',972  m/sec),  It  radial       mally  in  all  directions  and  spread:   m\ 
I  irgi ,  in  ia:  i1  em  in  it,  si  omit:   »oun    Asil  sj  n  id:  il  ii  ><  dii  lini  I     in  nti  isity, 


Luminous  ini  n  »it;    >thi  luminous 
flu    mil !  dpi i  i1  •      ;i    in  ■    ;  ■  i 

lighl     lii    .  xpn  ssedin    •     las. 
Candel      !     I     i     <•'  u 
luminoi      tensil    equal i    the 
luminous  intensfl     fa 
emits  monochromatic  radiation  of 
frequency  540  x  1012  hertz  and  that 
has  a  radiant  intei 
perst     :  ■] 

A  steradian  is  a  solid  angle  at  the 
cenlfi  of     phei  tiding  an 

area  on  ih-  surfac.  •  qu  il  to  the 
square  of  1     radius  o\  hi  ■  phen  . . 


^  Luminous  flux  is  the  rate  of  flow 
ofvisihli  ligl    p    unit  time, 
i  pn  ■.     ii  lumens. 

•  Lumen  is  the  51  unit  of  luminous 
flux,  t  qu ,      •'•       it  emitted  i 
a  soli,-  •!,'■_,     i      liani 
aunii    mpoinl      reel      igan 
intensity  of  one  candela. 


inverse  squ  i  <  I  iwi  I  ites  that  the 
illumination  ••     im      i  t  urface 

by    point  soui     vm    in    rsel    i 
the  ".;ii  i'   ••'  h    •   I  nci  of  the 

surface  from  the  source, 
i    »in    i    also  called  I    nb 

law,  states  that  the  illumination 
produced  on  a  surface  by  a  point 
source  is  proportional  to  the  cosine 
of  the  anal       i  idenm  . 


Illuminati  n     th  a'nt  i  %o1 
ighl    !i  i  g  \      i  j  >.  !  place  on 
i lighted  uri  i<      ■ u  il    •!•:, 
un  ii  on:  fii    ini  i  I  nl  >■•    mil 
area  and  expressed  in  lumens 
per  unit  of  area. 
Lux  is  the  SI  unit  of 
illumination,  equal  to  one 
lumen  per  square  meter. 
Foot-candle  is  a  unit  of 
illi  minati  n    i  i  ui  i<     h  i1 
i  i<  a  ryiehen  om  foot  from 
a  uniform  |     i    .  ur  .  of  one 
candel    mdeq  al  toone  lumen 
ii   identpei    qu  i    h  • 


Law  of  rel      ion  is  the  |  rite  i  L 

thatwb  nlighl        I    ted  from 
mi  oth  mrl  iceethi  i  igl<  1 1 

incidi  m    is  qu  ill    th    ingle  of 
lection,  and  the  incident  ra     h 
L  ted        urn  thi  non  i  ]  1  > the 

surfae    ill    in  the:   i   a  Ion* 

mat   'I  i  fi  u  tioni  ,i  i  angli 
thai  in  fi  s>  •  di  y  n  Is   ''nth a 
n »  m  il  o  k  nl  rfai  el    ween 
tiA     lediaa    hi  poit    o\  ini  idem 


\ 


y\ 


I 1  flm  tanceistherati  o    hi 
radiatio    ■  I  >  ■.  :i  ■  i  >uri  ii . 
to  the  tot  Ii    i ;  nl  on  the 
surface, 

Absorptai        I     i  tiool  the 
di  tional      ;  el  by  i  surface 
to  the  total  incident  on  the 
surface. 

T ransmittance  is  the  ratio 
of  the  radiation  transmitted 
through,  urn.  rm  rging  from  a 
body  to  tie  tol  il  ncidenton 

■     [uivalenl    >• , .  f  ;  m  tl 

b  *  >rp1  ! ' 


Light  rev.   is  toon     >     he  shape,  1     «     an !  color  of 

objects  ii  >  ■  <       i  ?bji   I  in  II   >  ith   illrefl    t  ibsorb, 

i    s .  lights!     ngil    >wk     to  pa     !  irois  h 

i    :,.  ;    n-       /e  measure  of  I  igiitn 

oi  aligbl  •  hih,    >  ai  illi « ii    I  d  n  r  ■,<. ,  qua!  to  th 

i  i !  loi i  irtti  sit  -  >ei  u  ih  pn  ject<  '.  rc  10    ',  ;i  ui 

, ,    ■    «  <•,..,      iven direction 

reriglri  ies:       hesen    tio  I    ,,'*  h,  nobs   veri;    biel 
distinguish  I   tween  difference   in!   i  n  n&    Visual    uii , 
!-,  ;n  i!  i    '  ithol  j  •  I  brighl     -    H  qua  if  r  >i    ince 
I    ii<    i  if  '  h  lu  nin  mceoi  inobj      i  in<  view  r1 
•   i  th  tof  its  bach    und.1   di:  cern  ha|    ,  nd  <  r  i 
onn  !<  in    ofi  o  itra  it  or  bi  jhtn        i1  oi  requi  < 
Conti    .    m   peci  ly  critical  1    visual  tas!     ha1 
req  [in  di  crimii   tionol   '  j    and  *  on  ;our.  For  seeing 
a  I    i  quii  ng  d  >.  rit  lin  tion  of textut     m    etailjes 
contrast!  -  ie:  ii  ibb  since  our  eye;    djusl  lutoniaticatly 
to  the  average  brig  h      sofa      i    5 '  i  .  tl   .  nti  • 
oi  'rig!  tnessi  iti  i  ■  oohigh    \a\     ini    >!>' 


Lai     rti      nitofiumin  iih     \  hi      i         |i 

to f OS'S,  n,    i    i     uai ii      i 

Foot-iambertisauni  o\  ui «  i  mi    .     ri<  i  m 

[uai  to 0,52 ca  idi  lap     quare foot, 
i'  a  -is     i    i  fe< '    i  by  both  oloran   te    un 
Shiny,  ii  jh1     t  .;  uri  c     eflecti  lore  light 
thandarl    lattei      ugh      Cured    iri  ce  .even, 
though  both  urfac.     nay  receive  th<      ne  imount 
of  illumination. 


Glare  is  1         i  iti  n  •  odu     I  by  ny      Ii1  i    « 
ithinthi      uai fi    f  hati     u  fii    nti    ;..   terthai 
h  lu  nina      towhicl  sis     <   >a       '  j  i  -  toe  iu  • 

<  moy,  nci  di    omft  t  or  loss  of  visibility  I     <    , 

two  types  i    jlai    di     I    nd  reflected, 


Diced  gl  ir  re  ul  ■  .from    high  brightnes  »•  iti<  )t  an 
i : :  ffii ,.  ntly  •be  ded  Iigh1    ourc  in  h;    i:  i  I  field    ' 

Strategic/  i  ic<  n  roloi  mi  iimizi  )i  n   im  lu  i  u  in  j 
hi  U. .  lumii  lii     to  uti  I  din     vi  w  j1  I  ,  ips<  ( 

using  lumin  lireswitl     ffusi     orlen      that  lower 

their  brightness  levels, 


Ox 


Ref ,  d    ioi  n  ire<   gl  i  <  n  ui  sfroi «  !,.  :  pecul 
reflection  is  light  o\  roe  within ;  ie  A  ua  field,    ~ — " 
A  specific  i      ofrefleci        re  is  veiling  reflet  Imce,,.. 

Mchi  <  i  ■  on     asksurfa         ,    iu      th 

contrasi  net       n     >i     ei  ig<  m,*! 

Toprevenl     ilin.   eflectan     I.         heligh    ourcein 

uchawayth,    incidenl  igh  r  <    re  eflectedaway 
frornti        ,    >e\ 


y 


!'  !  i  i  .  ,'i  i    hi u  '  g<  1   n 
m  tii/1  mentlarm  filled  with  an 
inert  ps  mixture,  usually  of  argon 
indnitn     ml      •  i   «    y< 1  itii  n 
of  the  filament.  Its  shape  is 
designated  by  a  letter,  followed  by 
e  imb     I  it  i  idi    I     the  I  imp 
diametei  in  i  jhl  i       nin<  h.  ■'" 

Filament- "" 

Maximmn     .  i  II    n  jtfm  """ "" 

Light  centei    n  jth • 

■  ii  ip base  - - 


Efficacy  is  a  measure  of  the 


imp 


m 
effectiveness  with  whu 
con1'-  rl     !  .       powei  into 
i  mii  usfl       [ual     ti    real  • 
o\  fli     mitl       !pov     ini  •  I  md 


i,  n  i  n 

it    h 


T  bulb:  at 

jbulaim  eiuartz  bulb 

for  tuna s 

mmtalogen  lamps 

Tbbulba 

quai      ,     n 

tungsten- 

halogen  lamps  similar 

in  shape  t 

■    i.  '  b  :> 

having  an 

miaulm'  erofile    —""""" 

MFSbiilbm 

rnultifaceted  refleeto 

bulb  for  ti 

ngstem-halogen  lamps 

having  nig 

ilypoli  'hedrefloi 

arranged 

n  discrete  segments  U 

provide  tf 

c  desired  beam  spread 

A  tifii   il  ghl      i     i  illigh  thai     p   dm     I , 
manufactured  elem  tit  >.  I".  ;s  n  ity  indqi  ility  of  light 
I    •   ii  d  lifl  -  ii     *  ling  toth<    ip  o\  1 1  ipu  ;  •  Fla  '  >'  i 
i  .i  rth<  i   i"  difiedby  th  hoi  ■;  igth  i1  h  »ld  >  in  Ii  m  r<  iz 
the  lamp.  Then  n   threi  najo  i  ,y  .ofartfl   ial  ighl 
i  un      -  n. ,  nd       itfluoresci      and  in  irtl  n:     ' 
discharge  (HID)  lamps.  For  accurate,  current  data  on  lamp 
s, -ii  im     urnenoi  tpi  t  in<   iv<  i  ig  life,!  on  ii  th< 
lamp  manufacturer, 

tirade  ce  \\  Lamp? 

Incandescent  lamps   mtaina   Ian    it  that  gives  off  light 

when  heated  to  incande:  <  -    byth<     issageof*     lectri< 

i  rrenl    hey  provide  poind    mm  •<>  I  jh1  h  i,  Hoi  -  ffic  i<  y 
i,  nd    «  »l  rw  !!  md  reeas^  to  din  withrheo  tats 

-  A  bulb;  standard  rounded  >hap<  foi  jeneraFservice 
in«  in  I  cent  I  in  p 

•*  A/SF3  bulb;  A  bulb  h  wing    h  rni  »ph  !'.<  il,  i  ft   I  v< 
silver  bowl  pp     ;    Sr  lamp  bas  I'  '•  .rise  glare 

j  C  bulb  <   i     -I  ipi  II   I    i    owmvatl    ;     lecorative 
incandescent  lamps 

-*  i  •'  bulb    s  ■ '    fl    i    haped  'ulbi  i    ••  v  ti  m- 
corativeii     !■ ;    cent  lamp 

x*  !  I  bull  <  lli|     idah  fb  tea  bulb    i  i .  «i!  i-     entl  in  e 
having  i  pi        ,     m     I  internal  refled      hati  oll<  to 
light  and  redirects  it  into  a  dispersed  pattern  at  some 
.    j     ifi       '      •  :,     i , 

-  '  bull    -r  b     hap.  Ibulbforirn    d       •  !  •.  j  ■  h  ving 
alowbrightn      fi   i    msed  use 

-  '  ARI  ulb  paraboli    ilumini  <  i  reflet  tot   i  II  for 

icand     t  indHI  ^    n|    h  '  in  \a\        •  I  form  d 

internals  -It  toi  ind  il  n     Ifi  >i    top   test  \  lie  desired 
beam  spread 

-  PS  bulb  pea  raped  bulb  for  larg(  in<  1 1 1   .cent  lamps 

-  R  bulb  reft  toi  bulb  1  ir  incandescent  an  I  HID  lamps, 
having  aim  i  nalrefb  tiveo   t  ng  n  •<    hei  i  clearer 
frosted g  i  -  Frora      p  o  ideth  d.   iredl  ,  rn    ■  •  id 

*  bbulbsti  ighl    idedbiilbforlowmeal    ig*  decorative 
in  •  nd   «i  enl  lamps 

*  Tungst  n  halogenl  imp  !;  m  i  tung;  s  i  \!  irnei  I  in  la 

jii  it     '  -'ii    ami  iii  i  i    i  in  ill  n  i  mnl  >   ihalog  i  that 
vaporizes  on  heating  and  red   »osi     i  \\    viporated 
tung  !  i  ;  rticli    back ( n  oth<  ,i  mi nl 

*  IR  lamp  isa  tung  ten  \\a\oqt  ilam|  hai  ng  n infrared 
dichroic  coating  for  i  fleeting  infrared  nergybacl  to  the 
filamen    t  ii  ingla  i  effi  i  nm    v  h   lui  ng   idianl 

a*  it  -a !  ii  r  mitt  :d  ighl  b  ,  m. 
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Disc!  rg  i  •  ";•  p  •  \c  light    /th<    i  c!  11  i  of  <     tri 
:    ,         |,     ro  !e  in*  j;     ill  d,  I      .     osure, The  1  om  j< 
types  of  dh  h  rg<  b  mj    ,,    fluoresce!    lamps  and  a  variety 
iig   in  m  it    ,«    •■  .  r '  .  it  • 

Floorescent  Lamps 

Fluoresced  lam  »sare tubui  i  lis  is ;;.,  i  n  ipsi  i   hi  hii      ( 
|  *odui    lb;  tk  flu  h    /■  nci   >1  ;ho  j  hi  rsco    ing  the  inside  of 
he  tub*     ley  pn  \<jn  Iin       ources    ligb  ; ndh  s     i  efficacy 
ofSOto  60  lumens]  i    i1    fheit   bility  to  render  color  varies. 

•fell     '    laftil  linthi    un    i1  th  o\  ;!    1 1  rescentor 
highsntensit  -disch  rgel  mp  i  tfa  di  ired  ;onstant  value, 

•  Prehe    I  imp;  i  qui     i  >e|  ir  t(  »ta  tei  to\  r«  I1!  i1  thi 

q  hoc    i  befon  op  ningtb    is   it    othi    I  irtmgwl  i ;- 

•  Rapid  ;1  irl  amp  a  edesi  in<  - 1  u  pei  ite  'HI    b,  II  > 
having  a  low  "!  t,  g  ;windi  ig  fo  continue  ■  hf  tingt  f  th 

atho     .  >  hi<  h  Hoi  sth<  i  mj  •  to bi    tart    h   men    dl 
than  a  preheat  lamp. 

•  fnstan   s1  irl !  mpsa <  d    i  ned  to    >  i    ;i  witl  a  ballast 

h  vin  ■    nig  i  ol  ,     ti  in  ,«    iei   i  initi  U  th    in  dii  ■•  '•, 
without  any  preheating  of  the  cathodes. 

•  High  (      u1   a  i|  5 are i  ij  id  <  tari  fl  i<  esi  entl  mp;  X  ign  d 
i  )op<  ■  i ;  on   curt  nt  of  500 1  lilli  itn  ;er     resuiti    in 

)n    y  n  Iin  jinci     i  nlu  ninoi    flux pe   mi      igth  fl  mj 

•  Very-  high  -output  lamps  are  designed  to  operate  on  a  current 
o\  ;  )00  milli  impi  es  providing  icom  pondi  igincrea  ein 
tun  r1  •  :  fli     i f  unil  len<  th  of  1  mj 

•  Compact  fluon  cent  I  imp  in  any  >fvarii  us  small, 
im  -,'.„■  fi  ii  n<  fli '  est  nt lamp  h  ivi  igasing! 
doubl   oi  U   haped  tub   andofti  nan  rd  ipterfor 

itting  n  im  i   ■',  <  < .  it  : ,.  iphol  I  i    ■ — - — -—"""""" 

High-Intensity  Discharge  Lamps 

Highanten   tyd  cbargi  (I  ID)  ,  mj      *edi   :hargel  m|    n 
whichasii  ni  icanl  n  lounl « 1  lig    i  >\  rodui  e  lb  th  dt  harge 

>1  i1.    ii  it  /thi  iug  lan  tallicvapoi  in  i    :al  dgl  le  >en<  i  -  i 
HID  lamps  combin*  theformofai  incandi  cent  lamp  with  the 

rlicacy  ',  fluon  o  n1 

•  Mercu  f  mf  pro<  u<  ii  jh  by  n  .oi  i  elect  i< 
di  eh  i     inn  i    in  ^.\nr, 

•  Meta  halt    I  n  psi  n    i  il  ii  in  ;onstru    ion  to  im<  c  i 

I,  n  -  b  it  h  ivi    nan    i !-    o  n  !u  i  iou  metal  I  lit    .  3i 
i  "I  ,'  to  pro  ;     moi   ti,  hi  indi  npi  m  colt   ren  lerim 

•  High  pre:    iresodiui   (1  PS)  I    i|    produce,  bro, ,'  ■  ■  •     in 
o  g  )Wi  ,•  .."■  (  i;  hi  by  mean;   H    lelectricd  « hai  ,  i  i 
sodium  vapor. 


!     Hi     idaibul 
foi   IIDIamp 
[3T  bulb:  bulged  tubular 

I!  for  HID    i  | 
HID  lamps  are  also 
vaiiabie  in  Band  Ti     pes 


Tbulmtubula 

r bulb  for 

flu  • 

i  HIP   ■  j 

Proline  lamp 

Iou.   nu1   i    •" 

fluorescent  I 

amp  for  circular  luminaires 

Ma"  (210) 

22W 

12"  (505) 

52W 

16"  (405) 

40W 

13"  (455) 

15W 

24"  (010) 

20W 

56"  (915) 

50W 

43"  (1220) 

40W 

9  "(2440) 

75W 

I1  ben    amp 

!    :.'.'  •  ffui  &.  *m\  lamp 

f< :  >qu,  reorne  tangu  i  lui  inaires 

22"  (570) 

40W 

mj!-  and   olo 

the:  pi   M.  Idi  tril  iti  mot     tifici    I  m 
varies  wit    tl    tyi    ol  \  i  ip  Fo       n  :     n 
inc,  id      nt  buib  ro  h      i  /<  It '  wh 
ligh  while  icool  white fluore;  a  nt  produces 
ablue-whiti  ;<;  .i    ,  -  f    tra  lis   ibu    n 
fa  lig  i      un    !t  %; ;     1      because  if 
certain  was  i/    jth:   *f  color  are  missing 
'Men  ho  n    ot ,      mni  tbereflei     !  i 
will  ippea  'to  be  mi  angin  my  ui  i  :i 
illu  ninat  db  thatligl 

»  Colors  nd  rin  iind    i    imea  we  of 
■!i      ili  y  oi   i  eh  trie  I  mj  to  render 
color  accural  i,  vh<  i     imparedwith 

icelightsoun         milari 
temp  r  itu     Atu     ten       •  operating 
atacoloi  ti  npi  ■  itui     I     ■  ;s"l\,noon 
•  n!;  |ht  l  vi^   ■■    ortempei  Jure  of 
''•  Oi  %    .■    ivei    i    \  'i  |h1      ing 
color  iwMij        ii       /.'  ■       ,  I1  have  an 
index  of  100  and  are  considered  to  render 
color  perfectly. 


Reflectors  control  the 
,  i<  tributioi  >fligh1 

emitted  by  a  lamp,  - „. 

f,  ib  ilici  fie  I  >i     pn  *«! 
focus,  or  coHi'mate  (make 
paralli  I)  the  i  lysfn  m  i 
lighl  sour  ;,dep<  ndisujo 
the  location  of  the  source,  ■ 
Elliptical  reflectors 
focus  the  rays  from 
;  lighl    ourc  ' 


A  luminair/    ilsoi   i  im  >i :,     lied    iightii  |  fixturc  •  nsisl  >  of  one 

or  more  eled     lamps  with  all  of  the  ne<       i   pari  md  wiring 

foi  po;  iti  nil  ■     I  pi         10  the  I  mj      o\  n     in  hi  I  imps  to 
I   i        ip|  I    inddi      bi  i  \u\  thi  li  hi 

-  I  imp  hi ! '  rm    h  in    -l!    upj        mdrnal    •  h< 
i    tricalconta;    with  i!  11  ip 


Ridged  ba  fl     in  iseri   .  ,!   ircular  ridges  lor  reducing 
th  briojht-nt  "  oi  ilirjhl  ■  >u  -     i1  tn  ipi  rtu « 


•  Lensoftjl       n     istic have  1     o\  p   «,       iri      .<  uli- 
or  both  of  which  are  curved,  they  are  used  in  luminaires  to 
focus,  disperse,  oi  -  ollirn  iteth  -  mil  ted  light. 

-">  Fi    ne!  len       i     coi      trii  pri  >\   i  n    r<  ovi  sto 

concentrate  light  from  a  small  source, 
"•  !',i'  maticlensi  .,  il  H  ■  "•  •'  urfacewil  h  v  n  il  ; 


Cutoff  irii  leistl      irjiel        en      rtical  axis  and  thi  lirn  o\ 
ll     •    'h       he  I     p  first  becomes  visil  l< 


Inordei  tarn    luatepn  bli  m  i  with 
direcd  §!an  it    isi  il  comfort 
pi  ib.  bilito  '  •     rvva    levels)    I.  H 
rates  the  likelih  >od  thai  alighting 
system  will  no1     u     lii       '1 11 
expressei      th  ,  n  nl    a  H  ,*•  0) , 
who  may  b(     pec  ted  1   <  perience 
visual  comf  rl  v  -     <  iced  in  the 


Candlepower  distribution  curve  is  a  polar  plot  of  the  luminous 

mi/  nsityemitti  mp.lumin  vin     /ii     jta 

lin  toon  from  the  cerrl     .  I  thi  ioji ]    .  un     i     isun     na 
in  jli  ; .  n<  for  a   /mi   :trii  illi  )h1  >oun .    sndina  j   rail 

perpendicular,  and  sometimes  a  45"  plane  for  an  asymmetrical 

source, 

Isoi  h  nl  pl<  tstl    pattern  of  iilumin    ion  pi    iui  .  I  on  a 

•  ••!',,.  •     c  I  in }  of  I  in  n    - 

Isoluxlim  i  a  lin  thi  .  ;'.  II j   itrl   oi         '  <    "here 
helevelofillumina     n'stl       me;  called  isofoo     iridic  li 

if  illumination  is  expressed  in  foot-candles. 

Lummaii,    fficien         he  ratio  o\  lu  n  i<      ,!         ttedbya 

lurm'nain  to  the  total  flu    mittedb    he  Ian    >ii    h  luminaire, 
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The  primary  purpose  of  a  lighting  system  is  to  provide 
sufficient  •       •        i     men     "-visual 

taste.  Recommended  levels  of  illumination  for  certain 
tasks  specify  only  ti  ityof  ligli  ;   pli 

How  this  m      it  of  light        |  ',owa 

space  is  revealed  or  how  on  object  is  seen, 


Recommended  Illumination  Level 
nasi      ficu  Foo  '■■<,  lies 


Lux 


Casual 

20 

215 

n  -vi-  , 

50 

555 

Moderate  (drafting) 

100 

1076 

Difficult  (sewing) 

200 

2152 

,  lervj 

>400 

>4054 

Luminaires  may  be  categorized  according  to  the 
percentage  o     I     .     ;         '     nd  below  a 
•  „  m    plan     hi    cti    ligh     stribution 
pecifi  '■».,,•         erminedbythei  /pi  . 
lamp,  len  e.  and    fl    tor  hoi    ng    ed.  Consult 
h  iurninoi     i  in  \\  .  tu     fo        llepowei 
tributioncu  < 

mm^m^mm     -_rnerfl|  D.,fuse 


Diffused  lig!       fanati       nibn    lormulti|  blight 
sources    idreflecl       urfa  I         riyunil 

illumination  minimizes  contrast  and  shadows  and  can 
i      >'i>    -    '   :tui      li  fi  u 


*\ 


401  to  601 

401  to  601 


section      ;      n  the  other  han     nbancesour 

perception  of  0  ip<      n    ndts  ui   by  producing 

■    ndbi     lane    varial    i  .  ■  ;     urfacesof 
heobji    sill     m.oid, 

While  diffi    «  !  h  ngi  usefu  <  ,  Ivi  iion.it 

can  bona  ••      •    i  •       tion  liigi  0  igcan 
helpreli.  ethis    'l i      byprovidii    "    il  iccents, 
introdui  ir ,    ■      I      inlurnma  II  ightening 

i  i!  I  surf  ici    Ami;  >1  b  -a  dil  use*   inddirei  ion  I 

lighting  i    ■  -  I      ibl    rid  beneficial,  especial! 

when  a  vara  to  I    ks  j,     obi     :i    rmed 


S 


Direct-Indirect 

•  401  to  60% 

•  40% to  60% 


Semldirect 

•  101  to  40% 

*  60% to  90% 


smi-indirect 

601 to  90% 
101  to  401 


direct 


Brightness  Ratios 


0404,01001 

0%  to  101 


3:1  is  the  maximui       cm  brightn      ratio 

between  1  re  visual  1  ,  immed 

The  surrounding  area  (0)  should  range  from  'h  to 
five  tiro  ?  the  brightness  oi  iltasl    rea(A), 


icf 

ItolOl 
)0%  to  1001 


CS1  ■      -   •       '  -       (0  Interior  Llghtl 


'>'  "i   ",  "•  ',      ■      MR 


Beam  spread  is  the  angle  of  a 
light  beam  that  intersects  the 
candlepower  distribution  curve 
at  points  where  the  luminous 
intensity  equals  a  stated  percent 
of  a  maximum  reference  intensity. 


Spacing  criteria  is  a  formula  for  determining  how  far  apart 
luminaires  may  be  installed  for  uniform  lighting  of  a  surface 
or  area,  based  on  mounting  height, 


pacing  (S)/Mounting  Height  (MH), 


Ceiling  cavity  is  formed  by  a 
ceiling,  a  plane  of  suspended 
luminaires,  and  wall  surfaces 
between  these  two  planes,  .^ 
Room  cavity  is  formed  by  a 
plane  of  luminaires,  the  work 
plane,  and  the  wall  surfaces 
between  these  two  planes. ^ 
Floor  cavity  is  formed  by  the 
work  plane,  the  floor,  and  the 
wall  surfaces  between  these 
two  olanes.  -__ 


Room  cavity  ratio  is  a  single 
number  derived  from  the 
dimensions  of  a  room  cavity  for 
use  in  determining  the  coefficient 
of  utilization. 

Coefficient  of  utilization  (CU) 
is  the  ratio  of  the  luminous  flux 
reaching  a  specified  work  plane 
to  the  total  lumen  output  of  a 
luminaire,  taking  into  account  the 
proportions  of  a  room  and  the 
reflectances  of  its  surfaces.  — 


/ 

V 

Spacing  criteria  (SC) 

50  =  05 

sc-to 

j 

SC  =  1,5 

S/MHI  ratios  are  calculated  and  supplied 
by  the  luminaire  manufacturer. 


Average  maintained  illuminance 


Light  loss  factor  is  any  of  several  factors  used 
in  calculating  the  effective  illumination  provided 
by  a  lighting  system  after  a  given  period  of  time 
and  under  given  conditions. 

Recoverable  light  loss  factors  (RLLF)  -~ — 

may  be  recovered  by  relamping  or  maintenance. 


-'CC'';:;-!:;-:h-a:wc  v.  CiJ.cM  |  :-:••' M  i  S 
work  area 


Initial  lamp  lumens  =  lumens  per  lamp  x  lamps  per  luminaire 


the  point  method  is  a  procedure  for  calculating 
the  illumination  produced  on  a  surface  by  a  point 
source  from  any  angle,  based  on  the  inverse 
square  and  cosine  laws 


CAT 

./'    /     /     /    I     \    ^ 

/      /       /     /     i      \ 

/  /  /  /   !   \ 

■.      ,  . 

/          i         1        \        \ 

/           >         1        '         ' 

-  \\ ;  v    f  " 

1."                                  ' 

/           y           {-"       \ 

The  lumen  method,  also  called  the  zonal  cavity 
method,  is  a  procedure  for  determining  the 
number  and  types  of  lamps,  luminaires,  or 
windows  required  to  provide  a  uniform  level  of 
illumination  on  a  work  plane,  taking  into  account 
both  direct  and  reflected  luminous  flux, 

•  Work  plane  is  the  horizontal  plane  at  which 
work  is  done  and  on  which  illumination  is 
specified  and  measured,  usually  assumed  to  be 

50"  (762)  above  the  floor, 

-*  Lamp  lumen  depreciation  represents  the 
decrease  in  luminous  output  of  a  lamp  during 
its  operating  life,  expressed  as  a  percentage  of 
initial  lamp  lumens. 

•  Luminaire  dirt  depreciation  represents  the 
decrease  in  luminous  output  of  a  luminaire 
resulting  from  the  accumulation  of  dirt  on  its 
surfaces,  expressed  as  a  percentage  of  the 
illumination  from  the  luminaire  when  new  or 
clean. 

•  Room  surface  dirt  depreciation  represents 
the  decrease  in  reflected  light  resulting  from 
the  accumulation  of  dirt  on  a  room's  surfaces, 
expressed  as  a  percentage  of  the  light 
reflected  from  the  surfaces  when  clean. 

-  Nonrecoverable  light  loss  factor  (NRLLF)  is  any 
of  several  permanent  light  loss  factors  that 
take  into  account  the  effects  of  temperature, 
voltage  drops  or  surges,  ballast  variations,  and 
partition  heights. 
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12.02 

Building  Materials 

12.03 

Life-Cycle  Assessment 

12.04 

Concrete 

12.06 

Masonry 

12.08 

Steel 

12.09 

lonferrous  Metals 

12.10 

Stone 

12.11 

Wood 

12.13 

Lumber 

12.14 

Wood  Panel  Products 

12.15 

Plastics 

12.16 

Glass 

12.17 

Glass  Products 

12.18 

Nails 

12.19 

Screws  &  Bolts 

1120 

Miscellaneoys  Fastenings 

12.21 

Paints  &  Coatings 

I 


St  f  tin:  the  del  rm  ition  fabi  !,<  in  lerthea  tion  of  an 
ipi  lied  foi       quail     hi  i  itio  ,  l     'r:;  in  size  or 
sh  ipetotb  o   jin  i!  izi  »    hat     Tasti    sedel      n1 


This  chapt  rd<  cribe:  the  major  type;  ofbuildin  mat  rials,  their 

pby:  icai  p  opt  i 1  ies,  and  their  uses  in  building  construction.  The  criteria 
for  selecting  ind  ising  i  building  materia  includi  th   ••  listed  below. 

•  Eachm  iteri  ilha:  distim  I  pi  v>  rta  >  of :  trength.el  t  a  it  it  y,  and 
■  iffne:     d'<  i!-   i .  i     t'wi    tructui  Im  terial:  an  th(  e  I,  i1 

cornbim  elastii  (ty  with  I  ffn< :  s. 
■■*  Elasticity  is  the  ability  of  a  material  to  deform  under  stress— bend, 

stretch  or  compress— and  return  to  it:  o  igin  il .  imp,  wW  n  the 

ipj  i    !  ...  i     ,  iow  i.Evei  ;-i  its  rial  ha  its <  istii  limil  bey<  -  ! 

whii  I  il  vi  I  pi  rn  in  ntiy  f  >,  t  noi  I  re,  I 
•>  M  iti  i  il  ith  i1  uii  l(  i  "  pi,   ticdei  >rn  ition  bi  for!  i<  it-  ill;  I  eal  ing 

are  t(  i  in-  ■  lucti 

•  I  itch  m  •  erial:    n  tl    oth  t  h  md.h  iw  low  1 1  »ti(  limil  >  md 
ruptun  ind;  r  load  wi1  ilittl*  -i  >ibli   lei  rm  iti  n  hf  hi  -a  rittli 
-iNi  ri  il  >l  iveles  n  •  m    tn  ig  h  th  in  iui  I  I  m  it<  ri  I: .  hi  , 
arenotassuital  l<  o\    tru<  tural  purposes. 

•  Stiffness  is  a  measure  of  the  f<  ce  required  o  pi  h  or  pull  a  material 
to  its  elastic  limit.  A  material':  stiffness,  along  aitbthe  tiffnessof 
it       «  •     ■,  i(  ri,      i  ij     in  rnpi  ri  n1  Pa    orswheni  on  -id<  ri  ig  tfa 
r  ' '    •!«  hip bei       ■  ...    i !  id,  I. 1  tit  nun '.  i  loa  ling 


j  a 


u 


rm 


ledimen     i       ibil  nateria!      ;  ,     ■  a   .     h  mg 

temp  ratm       ,     i  mti  itaffecl    tl    i   .urn  a  which  it  is 

landed    ructei      join  with  other  materials 
The  resistance  of  a  material  to  water  and  water  vapor  is  an 
m  porta  n1     n  • (     tioi    hen  it  is    posed  to  i    !     *   r  i!     lin 
moist  em 
i     ,    rial    >nductivityoi      istanceofam     rial  must b«     «sessed 
hi  niti  use(  im  oi      ictingth      teriorenv  l<  >••       i  iil,  i  { 


J   L 


i  iti  rial    transrn    toi    eflection    rabsorptt  no      « t  It  h 
audi  idi  ntl     t  should  1     •  ilu      I  wl    i  the  material  is  used  t< 
finish  the:  uri  k    >oi  a  room, 
hh    lensityorhardn        fai  iti  ri  il  [        lin  w-    n   !  .1  nice  to 

•    •   indabra    >n  il    lu    ,ijii  /inuse.and  tl     ostsreqi  ired  to 
maintain  it. 

The  ability  o  in  iterialta  r<  <  tcombu  tion  /ith  i  nd  s.posureto 
in  n  ini  I  pi  luc<  msokf  nd  toxic  gases,  must  I  evaluated  bef on 
using  it  as  a  structural  member  or  an  interior  finish, 

The  color,  t<  'am.  ind  caleol    ma1  rial  in  obvii  ,  co\  wt  rations 
inevaii  itii  jl owi  fits  vi  hii    in  overalldesig    chei 
M  •  i\  building  ma1  ri  v.  an  nanul  i-  turedin   I  i  id  md  shapes  and 
sizes.  Thesi    tock  dimensions,  however,  may  va\     lightl  from  one 
manufacturer  to  the  next.  They -h. -it    .  ,  rifiedin  h  j    nningand 
d  .-I  ji  ph  is;    a  i!|  ilding  <  thai  unneces  wyi   I  ingoi  /J    in  \o\ 
nat(  ri  I-  en  W  minimi  ed  luring;  on  -    i  tion 


Thi    *  Ii      m&\   nil  i  jm        .     toiiid      end  bey  nd  their 
functional,  economic,  and  aesthetic  aspects  and  include  assessing 
the  environ] «  ,    s         u         issoci      I  with  th     >ele§  i  ion  and 
us, ,  fhis      initiation,  called  a  I     cycl         .  eni   di|  i 

thee:  traction  and  pn         fg  .  rials,  th      inutoa  Luring, 

packaging    w  ti  ,   pori  Dion  *     h   i.i   -  pi    m    to    e  point  of 
use,  maimer '  in.  the  mat    alinu  ;•    s I b f <         tin,   ,   '     is* 

■  «  m  iti  i       rid  its  final  dispo      I  si    '        .merit  | 
of  three  a  m\    i        inpul    w   cycle  irwi .    >      nd  t  i\ 


Inputs 


i   w  materia 
Energy 

Water 


Acquisition  of  Raw  Materials 


!    Mo    fa  :    nc 
and  Pi    ag  ng 


Transportation  and 

,    button 


.  vVhal    i     ' 
extraction,  mining,  or 
i    /     inoj  process 
have  on  health  and  the 
environment? 

*  Is  then      ri    r<  newable 

no  11  rii  \  (a I  l<  \ 
'  Horn  1 1  \  ibl  n  >ources 
include  metals  and  other 
minerals, 

•  Renew  ibli      >oun  « 
such  as  timber,  vary  in 
their  rate  of  renewal; 
their  rate  of  harvest 
should  not  exceed  their 
rate  o\  grm    i 

Life-Cycle  Inventory 


How  much  i ...    jyand 

ii     ;    equiredto 
process,  manufacture, 
and  package  the 
n  »,  ial  Jfproi  n.  •' 


Is  the  materia!  or 
product  available 
regionally  or 
locally,  or  does 
ith  lie  robe 
shipped  a  long 
distance? 


Embodied  energy 
includes  all  of  the  energy 
expended  during  the  life 
cycl    I     notorial 

mthe 
En  vlmn mental  Resource 
Guide,  a  project  of  the 
American  Institute  of 
Archite*      foi  n<  re 
information, 


Construction,  Use,  and 
Maintenance 

•  Does  the  material  perform 
its  intended  function 

;    iently  aid  ,,.   I   e! 

•  How  does  the  material 
affect  the  indoor  air  quality 
and  energy    >m   mptionof 
a  building? 

•  How<  urablei:       m     .1 
orpn  •',;  •  md  how  much 
maintenan  <        quired  for 
its  upkeep? 

•  Wh  t  is  the  mat      i 
useful  life? 


Embodied  Energy  in  Building  Materials 
Material  , .   .• 

Btu/ib.* 


Sanded  gravel 

16 

Wood 

\m 

'  I  1  Hi  ,    :i  1 

940 

1  yp;    ;   «  !  •        ! 

1330 

Brickwork 

2200 

Cement 

4100 

Oiass 

iiauu 

'  1    1 

ia,50o 

Steel 

19,200 

Lead 

25.900 

Copper 

29,600 

Aluminum 

103,500 

*1Btu/lb  =  2.326kJ/kg 

Disposal,  Recycling,  and  Reuse 


How  mud     •       nd  how  many 
i,  \t  »y-|  ..,  <  0  1    ull  fron 
i  ,.  ■ «  nut  11  tui     1'    " .  ■   th< 

,i      ial  or  product* 


•  Vate    •  .  u  Pflu  i 

•  Atmo  »p  1      «  ni   >H  n  - 

•  Solid  wastes 

•  sri,,  n  ivit  mm  ita     !eas< 

Outputs 


Evali    in<        I  buildin         rial! 

matter  that  cannot  be  reduced  to  a  simple  formula  yielding 

apreoi:     mo     ';.      a     m\        ainty 

using le-     ;     laterialwil      hu        i  snl  maybe 

more  eff.     I     !  ing      1     andresou       than 

using  more  of  a  lower-energy  material.  Using  a  higher 

energy  m    erialtl       ill  last     •      1     ■  quire  less 

mainteii  mee.oronetl         ibei       led  and  1  used,  may 

be  more  compelling  than  using  a  lower-energy  material, 


Reduce,  reuse,  and  recycle  best  summarize  the  kinds  of  strategies 
that  are  e  fectiveii      n'evii      1    .         ustain     i 

*  Redm     uildift      s  through      eefficienl 

*  Red  uce  construction  waste.  LEED  MR  Credit  2:  Construction  Waste  Management 

■ ,  .    ,     :         I      •       ,  .  1  »     •  ■    .  ..     1    :     II     ,    ■  mat  Mai  oiais 

•  Si  bstiti  •■  , !  .  -:   I        '       1      •    •  frees.  LEE     IRCredi  vabl     :     rial 

•  Reuse  building  materials  from  demolished  buildings,  LEED  MR  Credit  3:  Materials  Reuse 

•  Rehabilitate  existing  buildings  for  new  uses,  LEED  MR  Credit  1:  Building  Reuse 

*  Recycle  new  products  from  old,  LEED  MR  Credit  3:  Materials  Reuse 


is  made  I  ym  in  )ceme  il  an  Iv  irii  i >  ninerat  ggreg it<    witl 
sufficient  water  to  i  m;    th<  e  merit  1  5  .<  i  and  bind  the  entire  mass, 
1  "  !t  . .  ■  re1   i  inh  «  n    'Strot  pn<  ompn  •   >n    te< !  einforo  mi  n1 
is  required  to  handf  I  nsiii  mdshf  irstn    •"  Iti;  capable  of  being 

0  ni  !int(  ilmo:  t  inysh  ip<  wi1  lavart  tyol  mri  c  finish!  ■  md 

ti  tures.ln  idditk  i  <  in  retestru  tun  .  in  relate  fylowii    o:  ■  and 

1  h<  -  nth  fii  t  -1  ant.ConcreaS  i.  ibil  ti  11  Iu  I  ii  wei  jht-  I!  0 
1  ■  \OOkqlm°)fo\  n<  lain  nfon  d  >n<  reti  md  thi  I  wmingor 
molding  prom       hat;  i  required  before  it  1  in  placed  to  set  and  cure. 


Cement 

•  Tori  I  ndcemenl       1         ;       nentrnad 
by  burning  a  mixture  of  clay  and  limestone 
inarotai   ,  i    in*    ul    nzingtb        lifing 
clinker  i      1  1 

•  Type  I  n '  '.'1  il  port!     i«     len      u  <    l 

gem  ralconstn   fion  *   neofthe 


Water 

•  The  water  used  in  a  concrete 
mix  must  be  free  of  organic 

lateriaf  cl 

:  -I, ,       iterioi       iatt! 
.  iti :  T  ■     !     it  for  driri  in ; 

•  Cement  paste  is  a  mixture  of 
cement  and  water  for  coating, 
setting,  and  binding  the 
aggregate  particles  together 
in  a  concrete  mix. 


jgregate 

I    refei    '■  myi    ario     ineri  min  ralm  sterials.assand 
cjiiei  gravel  iddedfi  n  mentpasl   to  make  concrete.  Because 

,i« a  U  n  •«.  1  nl    from     '  ■     1301  of th  1  on<  1  U   olurne, its 
roped      ir   rri|  1     11 1   oth<    tren  )th  ,;  ii  l,!    in I  fin  resist  mi  e 
of  th  h  !■■'  1  di  rii  r  -■     ,  gn  oh    houl  lb;  lard  dim  nsionaliy 
table,  "'^  frei    fcl  i,    ill  ,hi  1  1  jai  i<  mattei   h  rl .  in  prevent  Ik 
cemerrl  rn  tr     'oi  ibin  lin  j  the  pari    le  .together. 
Firii  )  wi.  ja1   con  i     .  of  sand  h  win ;  .;  >  s. :    >'m 
smallerthanVam 


of  the  reinforcing  bam 


norrriai  pc 
early  rem. 
coldwweat 
time  requ 
temperat 


lams.whi       larg       Idiipn  ml 

damaging, 

TypeVsuTI  iteoesisting  |         idm  mi  nl  i 
used  where  resistance  to  severe  sulfate 

iction     equi   d 

Aimentr  i  lin )  portiarm  i 

Type  II,  hi  fyj    llij      land    rnei    U  which  a 

small  qua, i  ityofanaimei      ni      genl  h , 

beeninti  r  jrou   iduri     nanufai  tun  ;  it  is 

designated  by  the  suffix  A. 


normal  concrete. 
« sul  rting  onci        )a<    ,  ith 
I .  rlil    ]  )gn  \m    ■     foaming 
ag«  nl.h  ■   iuni1  ,.  ■  Ti  of  less 
than  80  pi  f(960l     mi  md  low 
.  h    mi    ndu  ti  i 


Admixtures 

Adrm  tun    may  In  w  '>.  Iti       !|!r  retemi  to  alter  i1    pi  wmtiesor 
i  ■■    of  1      lardencdpn  !<s 

•  Air-i  nl   ii  ling  igents(    pei      nil  ■  !     >pi     phi  hi  il  tii  bubbles  in  a 
concrete  mix  to  incre;  ■   vorkal  Iit\  improv       i  tano  of  the  cured 

oducf  tothecra    s-       iu    dbyl      th  -o  y  !   .0  th    <    I  ig 
m  ed  by      ingi  h  mi  il    '■•'  I  in  1 1  g  f  inn  mil  ..  In  produce 
1    ■  i1   ul  1  ingi  oncrete. 

•  new  f  ■    01   h  •  1. :. ;'     *     ng  md  trength  I   <  I  >pm<  nl  ofa 
concn  te  mix.  while  rei    dei     low  th?     1  ing  loo   11  ,.  te  mix  in 
order  to  illi  wmot     «     ]    p  11  in !  in  lw<  rkii  g  ilu  mix, 

•  '  mi  ti     ■. j  '1,  w  n  '    •  mrl  ictants,  reduo    hesuri      tension  of 
the  mixing  water  in  a  concrete  mi>  then  - ,  I :.  lil  i  ing  tlw  ,,-  tting 

dp    eti  tin  *  ii  I  >no1  thi  .  rtei  a  lidingin  th<    m  n  %ingai  j 
dispersion  oi  other  additive:  in  the  mix. 

•  Water  iw  u  ing  tgenl  •        p  rpla    icizer    wi'r    th  amount  of 
nixi    •  'atei  •-  mir  d  01  thi        -,  I  wear!  ibilityi  facon  n  U  01 
mortar  mix,  Lowering  the  water-cement  ratio  in  this  manner  generally 

>u     ;     creased:  trengl  1 

•  1  olorin ;  m  nl     n  pig  1  rl    01  y    id  If  I    /  !  oni    U  mix  to 
liter  1     ontn  Ii1      T  • 


CSI  Mastei  orrnat  Division    I       increl 


Water-Cement  Ratio 

Water-cement  ratio  is  the  ratio  of  mixing  water  to  cement 
in  a  unit  volume  of  a  concrete  mix,  expressed  by  weight  as  a 
decimal  fraction  or  as  gallons  of  water  per  sock  of  cement. 
The  water-cement  ratio  controls  the  strength,  durability,  and 
waterticj fitness  of  hardened  concrete.  According  to  Abrams' 
law,  formulated  by  D.  A.  Abrams  in  1919  from  experiments 
at  the  Lewis  Institute  in  Chicago,  the  compressive  strength 
of  concrete  is  inversely  proportional  to  the  ratio  of  water  to 
cement.  If  too  much  water  is  used,  the  concrete  mix  will  be 
weak  and  porous  after  curing,  if  too  little  water  is  used,  the 
mix  will  be  dense  but  difficult  to  place  and  work,  For  most 
applications,  the  water-cement  ratio  should  range  from 
0.45  to  0,60. 


Water-Cement  Ratio 


osi  -  639  kPa 


Concrete  is  normally  specified  according  to  the  compressive 
strength  it  will  develop  within  20  dap  alter  placement 
(7  days  for  high-early-strength  concrete), 

•  Slump  test  is  a  method  for  determining  the  consistency 
and  workability  of  freshly  mixed  concrete  by  measuring  the 
slump  of  a  test  specimen,  expressed  as  the  vertical  settling, 
in  inches,  cf  a  specimen  after  it  has  been  placed  in  a  slump 
cone,  tamped  in  a  prescribed  manner,  and  the  cone  is  lifted,  - ' 

•  Compression  test  for  determining  the  compressive  strength 
of  a  concrete  batch  uses  a  hydraulic  press  to  measure  the 
maximum  load  a  test  cylinder  6"  (150)  0  and  12"  (505)  high 
can  support  in  axial  compression  before  fracturing. 

Steel  Reinforcement 

Because  concrete  is  relatively  weak  in  tension,  reinforcement 
consisting  of  steel  bars,  strands,  or  wires  is  required  to  absorb 
tensile,  shearing,  and  sometimes  the  compressive  stresses 
in  a  concrete  member  or  structure.  Steel  reinforcement  is 
also  required  to  tie  vertical  and  horizontal  elements,  reinforce 
the  edges  around  openings,  minimize  shrinkage  cracking,  and 
control  thermal  expansion  and  contraction.  All  reinforcement 
should  be  designed  by  a  qualified  structural  engineer, 

s  Reinforcing  bars  are  steel  sections  hot  moiled  with  ribs 
or  other  deformations  for  better  mechanical  bonding  to 
concrete,  The  bar  number  refers  to  its  diameter  in  eighths 
of  an  inch— -for  example,  a  #5  bar  is  5/e"  (16)  in  diametew-- 

•  Welded  wire  fabric  consists  of  a  grid  of  steel  wires  or  bars 
welded  together  at  all  points  of  intersection,  The  fabric  is 
typically  used  to  provide  temperature  reinforcement  for 
slabs  but  the  heavier  gauges  can  also  be  used  to  reinforce 
concrete  walls.  The  fabric  is  designated  by  the  size  of  the 
grid  in  inches  followed  by  a  number  indicating  the  wire  gauge 
or  cross-sectional  area;  see  3,10)  for  typical  sizes. 


Reinforcing  steel  must  be  protected  by  the 
surrounding  concrete  against  corrosion 
and  fire,  Minimum  requirements  for  cover 
and  spacing  are  specified  by  the  American 
Concrete  Institute  (AC!)  Building  Code 
Requirements  for  Reinforced  Concrete  according 
to  the  concrete's  exposure,  and  the  size  of  the 
coarse  aggregate  and  steel  used, 

ASTM  Standard  Reinforcing  Bars 
ill!    ii  Bar  Size 


-  Reinforced  concrete  slab 
■*  "Of  (19)  minimum  for 
#5  bars  and  smaller: 
I-V2"  (50)  minimum  when 
exposed  to  weather; 
2"  (51)  minimum  for 
#6  bars  and  larger 
•  For  minimum  coverage 
of  steel  reinforcement 
in  other  concrete 
members,  see  3.00  for 
spread  footings,  4.04 for 
concrete  beams,  5.04  for 
concrete  columns,  and 
5.00  for  concrete  walls. 


Nominal  Dimensions 


Diometer 

sidles  (mm) 


Cross-Sectional  Area 
so,  in,  (mm2) 


Weight 
plf  (N/m) 


#5 

0,575(10) 

#4 

0,50(15) 

#5 

0,625(16) 

#6 

0.75(19) 

#7 

0.075(22) 

#0 

1,00(25) 

#9 

1.125(29) 

#10 

1,25(52) 

0,11  (71) 
0,20(129) 
0,51  (200) 
0,44  (204) 
0,60(507) 
0,79(510) 
1,0000451 


0,50(5,5) 
0,07(9,7) 
1,04(15,2) 
150(21,9) 
2,04(29.0) 
2,07(59,0) 


1,27(019)       4,50(62.0) 


06     1ASONRY 


•  ■  i"  iot       i      i     Ilea  building  I 

iS  I  !  sit  .       ,     ■  •  ;  bu  <■  il .';'  in . 

and.  iailyl         '  ■  ••  cole i  a 

texture. 

Face  brick  is  made  of  special  clays  f( 

h«  d    h   !  oloi   • 


aaafei    ^   'uii  lirii    il    uni    ol    iri >us  natu      »rm  nufactured 

lii       >m  h  as  brick,  stone,  i  ncreteblo     usually  with  tin  useof 

taras  a  bonding  a        I     i  iar  aspect  (i,      nil    m  •«    ;  sn< 

ortlonai  rel    io    hip       '  «     nrydisl    |u    lesitfrom  most  of 

4h  i  bi  ildingm     rial    isci  •     11  thi    ha     r.  13*    in     11  il  ma  >onry 

ictu rally  most  effect!      ,  pres  >io  i,  the  mason      lii     hould  I 

einoueha     '  •'  •    heenti  ma    nryma     1     .asanentita 


Brick 


hile  plastic 


mi 


•     mi   1 11 (-'  1    1  n 


Brick  Unit         lominai  Dimensions  Modular  Coursinc 

lickne:      j;  sigh   <  length 
inches  mm  inches       mm 


Modular 

Norman 

Engineer 

Norwegian 

Roman 

Utility 

4x4x12 

,        :         1         -    -4       100 


See  5.2' 0  ,  iiicj  and 

!7forrnasom   1  ndingpa   en 


CSIMostei        1       •'  00  Clcr    nil  Ii    in 


ick  Grocl 


es 


Concrete  Masonry 

Conor,  lemasoi      i 

cement,  fine  aggregate,  and  water,  molded  Into 

various  shapes  to  satisfy  various  construction 

conditions,  The  availability  of  these  types  varies 

with  locality  and  manufacturer, 

'  Concrete  block,  often  incorrectly  referred  to  as _„ 

cernetrl  bl<      i      tollows      ■       i       ry  unil 

/In        mpre    ivesti    igtl   r       i     to  1500 
(4137  to  10,342  kPa). 

•  Non  r         ht  block  i  rotno  eighin 
more  a i  in  125  p    (2i  00  kg/m3). 

•  Medim  i  •'    |h1    .        !,»«,-.« 
from  105  to  125  pcf  (1660  to  2000  kg/m5). 

•  Lights,  i  !         k  is  ma        mm       ■■    -sighing 
105  pcf  (1660  kg/m3)  or  less, 

CiO  Grades 

>  G\  ideNi       Shearing  con     tenia  -onry unit 
i        fori        »thal    ,     idbel      •  de  in  wails 
expos  d  a  m     tureorw    ft  • ,    ';  :N  units  have 
aeon  pressi  \        n    h  fi  mfi  i ' to  1500 psi 
(5516  to  10,342  kPa). 

•  iSrad.  Si;    ioadbearin.     *ncr<      i     oris  /unit 

,  '     .    i  it.    ,   i'     il 

-,  „-  hi .  proti  ;   •'    o  tin  ,•    ■■  in  w  -   iol 

exposed  to  moisture!  .       r;g    di  5  units 

haveacomp      iv    I  i    hfi to  lOOOpsi 

n:  71    ;g  >5kf  i 

CiO  Types 

•  Type  I  is  a  im         i     »nryuni    -     ifactui 
U       '   ifie*  lim    Trnoi  iten  im    . 
to  minimi  ethed      ishrini       thai 
cracking, 

•  Type  Hi  aeon     te     si      unit  m        iufa<  tured 
toasp  cifi  .'    nil  moistu      ■    -   ; 

•  on  i      brick  i        lid  rectangular  corm 
masonry  i         uaflyid        ilin        nan 
clay  brick  but  also  available  in  12u  (305)  lengths; 
concrete  brick  units  have  a  compressive  strength 
from  2000  to  3000  psi  (13,780  to  20.655  kPa), 


areaise 

I3ui]f]Qse  blocks  have  one  or  more  rounded 

exterior  corners. 

Corner  1  -  ,  idendfacefoi  use  in 

constructing  the  end  or  corner  of  a  walk 

Corner-return  blocks  are  used  at  the  corners  of 

6",  10",  and  12"  (1  150!       lis  to  mainsail 

he      n  ilcou  htl     ip  earam     f   ill- and 

half-length  units, 

Doubt  -corner  bloc!  oik       sal  both  ends 

and  are  used  i  ructingarn     m  /pier. 

Pilaster !  '•   :     ,    us     n    nsl      tin*  a  plain 

orreinfoi  irypi     I 

pingb  •       ,        '   ■  .  !    i.  top  or 

finishing  course  of  a  masonry  wall. 

;  '•  I  ■     '  ".  , ..  :,a  ,..,  ■ ,  i  ibb    t 
receive  the  jamb  of  a  door  or  window  frame, 
Sill  bloc  » have  a      h  to  h  i  ain    tei  from  a  sill 
Cap  blocks  have  a  solid  top  for  use  as  a  bearing  surface 
t  ,  i  rseofafou     tionwall 

Control  joi      loci    -    i       In  cot   tructinga 
erti      ■  •  i,  »l joint. 

Sound-ab:    :   > .,,,  •  v       i    has         lid  top  and 
d   .,  i    .  ni  tim     '  i1  •- 1!   ,!i  i     i 

increased  I  m\  tion, 

frond-beam    ocksl       idi  Is     on  in  which 

in     :     edforembedmen  in  grout, 

I     ,  endopeninwhici 

vertical  teeh     -  •    i     1     nl    placed  for 
embedment  in  grout. 
Lintel  blocks  have;  ]-1  •'  .  •  •      ti  is  in  which 

be  placed  for  emh  ■'•  tii  ni  ii     out, 
Hr    i      :  i    >         ;  ■  shell 

removed  to  receive  headers  in  a  bonded  masonry  wall. 
Split-face  blocl     n     •    •         ,     by  a  machine 
after  curing  to  produce  a  rough,  fractured  face  texture. 
Faced  blocks  have  a  special  ceramic.,  glazed, 
or  polished  face. 

Scored  bl  r  i        •        '•  i  ■  - .  . 

that  simulate  ral 

Si     •         ksh  heliwi       cittern 

of  beveled  recesses. 
Screen  blocks,  used  especially  in  tropical  architecture, 

i  of  1        t       pen  ngsfor 
admitting  air  and  excluding  sunlight. 
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rpij 


V  shape  (wi<    flange)  -— " 

S  •']  ipe(Anii  rican  standard) 

C shape 

(American  standard  channel) 


Steel  refers  to  any  of  various  iron-based  alloys  having  a 
carbon  content  less  hanthatofi  istiro  and  more  than 
tha    >f wrought iroi    m     »  ingqi  ili  i    o\   ten  igth 
hardi    •  >    n    lasticity   i  ,  ngacc  >i  ling  to  <  mpo  itt  i 
in  I  to  i1  tre;  tm  n     itei  ii    :  d  for  light  and  heavy 
structuralfi  it  lin   a  w<  I    » a  wide ran^e o1  building 
produ  I  i  iu  ha    'indow:  d(  r    e  rdw  t  »  ind     utening: 
Asa '.in  tural  material  stei    ot  il  in    bigl   <  ength 
andstifliif  >s  with  elasticity,  ivt  i  ired  in  terms  of  weight 
to  v  lut  lejti  .ja.  bablythestro  igest  low-cosl  material 


L shapes 

(equal  n  ii  rii  quail  i  ingles) 


WT  shape  (structural  tee  cut 
from  Wsh  ip<  } 


truoturariaiping 
square  01  reel  ngi  n 


Structural  tu 

pipe) 


irci  lai 


•  Bars  (square,  round,  and  flat) 

Steel  Shapes 

•  Refer  to  the  American  Institute 
of  Steel  Con  tru  tion(AlSC) 
Manual  oi  n  eh ,  istru  i  wfoi 

complete  listing  of  sizes  and 
weights. 


Milder  ei    *teeli    \\o\  <  rbon  »teel 
i  on1  linin  |fr<  m(  I!  %toO  b%     rbi 
Medium  teeli  >acarhi  n  -u  ic<  is  iningff  i 
<„  to i '  \{  I ,  irbon  mo    stn   tui  a  fc  I 
:  medium  -  irbonsl  el  A  fM  *''  €  •  thi  mo  »1 
common  sti  ngthgt  d  wi  h  :  'i<  Id  point  of 
36,000  psl  (240,;  !  Ha), 
Hard  steel  i     hi       irbon  steel    miaining 
•  i  mi  4!  •    .■■-•  •''•:.    i:  oi 
Spring  sti    !     high     rbo     teel  muaining 
035%  to  1.0%  carbon. 

Stainless  steel  contains  a  minimum  of  121 
chromiui .  .    ictim      fClirii     l,i  langanese, 
oi  m  lybdenuma    iddition  il  illoyin  i  ;l  n  nt 
so  as  to  I 'i  hii  hhj  n  !    ml  I  o  corrosion. 
High  streng  hlovi  illoy  »1  eli     low-carbon 
steel  conl  i  iingls  :  I  sm  1%  alloys  in  a 

hemii  ilc<  mpo  -  ion  '-.    fii  illy  m  .  pe,  foi 
increased  >tr<  n    !i  du    ili  '  m  I  resistance 
tocorro  ion  ,    ;         ?2  is  the  measl  common 

-treng  hgi    f  with,  ,,  I  >  in1  of505O0O|  >\ 
(344750  kPa). 

Weathering  steel  ii  ihigi    trength,  low-alloy 
■  !,r  I  hat  form    in  oxide i    itingwbf  nexpo  ed 
to  rain  or  moisture  in  the  atmosphere;  this 
s  siting  idls  -    firmly  to  the  ba  -  m<  al  in< 
protects  it  from  i  irthi  i  corro  >\o\  Structures 
using  *.<  il  r  ing  >teeh  houl  ib  detailed  to 
prevent  III."  >m  til  amounts  of  oxide  carried  off 
byi  lirw  iter  1  om  .1  linirs  i  Ij  lining  m  iteri  r 
tungsten  steel  is  an  all-  >       I  <  staining  10% 

1  i  '   ungsl    i  for  increased  hardm      im 
\  Mi  s  tentionai  ligh  temperatun  > 


iv  il  1 1     Jthou  |h<  I :   »ifi  d  •    i  lim  oi  il-n  t  bi<  m  iteri  il, 
tee  I  <■  mi    dm  tile  and  lo  •(    il  >  strength  vhen  >ubje«  i  " 
temper  i  un    ovei  10001  ;,,  ''■ '  .  When  i:  ed  in  building; 
"  quiring  fin  r  >i  tiveco  >tru<  ti<  n,  >tr  -  tui  !i  .teel n  u  »1 
bt  i  o  ited  coi  •  d,  oi  encloi  <  I  with  fin  n  >i  >tan1  mati  ial; 
/  !"  f3e<  m  •  il     normalh    ubj    t   wo\   ■  ion,  *1  - ! 
mu  i  bi  {  inl  •  i  gal\  n  s  a  .  els  n  <  illy  tr  iti  ;  foi 
protection  igain  t  oxidation, 


Carbon  steel     ,  -  iil(  ..  I  teel  in  vl  i<  h  bis   e:  idi  il 
elements,  such  w  carbon  mai  janesi  ph<  .  borus,  sulfur 
and  silicon  ii   <   uti  -i!   I  a  i;  in  rea    in  i  irb  »n  ontent 
in<  n  i5i    thi    trei  jth  indh   .  is    >ofth    I     bu1 
red i      itsd    tili     in  I  lil 


Alloy  stei      «        <  a  carbon  i  , !  (    whii  h  various 
element-.,  u<  I      i  hrom  urn    >bal   a  p|  et  rna  ig  mi    , 
n  lybd     n    nil  ki       ngs      o\    inadiurmhavebi  n 
idd  din  i  uffi  i  itarn  mi  I  U   >b1  lin  particular 
phy;  i<   Si«! ' r  mil  ilj !'^  p<  rtie; 


0  hei  i(  n  >u;  n   tal  «  ed  in  b  n't  inge     trui  ion  n  ludi 

8  Cast  iron,  an  i      rittle.non     lleableis  n   a  ed  alloy 

containing    0%  -   !  '■« .  irbi  i  indO  • '  t-1  %  silicon, 

cast  in  a  •,!■■  h   >ldandi    i  iin<  I    enakei  lany  building 

products    !  -  h     piping  gt  itin )  i  dorm  m  i,1  il  a  rl 

•  Malleal  ,  «  ,  i  »  f'  •  i.i  'Si  i  Sc,,  nanni  I.  I  by 
tran  fo  ming  th     i  bon  ■  ntn  1 1  into  i  iphh   or 
removing  it  completely 

•  Wroughl  iron  i  U  u  )h  m  ''I.  ibie  n  i  itivelysofl  i  vn  I  i  I 
i:  readily  forged  an  i  welded,  having  ifibrou;   structure 
containing  approxin  itely  0,2%  carbon    id     mall  amount 
of  uniformly .  i  tributedslag 

•  Galvanized  ron  i  l>ii  h  ■  *  ^ted  sih  imcto\  revet    rust 
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Nonfem  us  rnei     contain  noiroi     lumi  im     >•<•.    and  lead 
arenonfei   *        tal     trim    •     >    in  building  cm  structiom 


iminun  ••    du    L    rial    '    ,    Ivemwhil    metalli    len    it1    i1 
is  used  in  form!    man     1.    Iigl     I  by         tatura  resistance 
tocorrosto  lisdu     Hdietransparenl  film  >1  >    '  that  forms 
on  its  surf,  -     thi  >o  id<    o  tii  >  i  in  be  hi<  kenedtoin 
corrosion  re  istan      >    ■        rical  and  chemical  pro«     3  known 
asanodizii  ,  D  ring  he  anodizing  proi     >sthei   to  rally  light, 
reflet !  v  suri  ceoi  ilu  iinunii     be  dyed  a  \  imbi   ofwa    i 
i  ri  |h  '    01  ».  Care  must  be  taken  1    ,   uta    lun  inumfrom 
contact wH   o  hei  ffl  al  top   venl  g  Iv  ni    ctiot  Ii   houl 
also  be  isolated  from  al  ilin    naterials  uch  as  wet  concrete, 
mortar,  and  pla:  tei 


s 


.  ->;    : 


Aluminum-  >  ,s!«  yi  edinextrud     ind  Me< s  forms  for 
second  rybuildin<  ( l.  m<  i1     uch       indow  ■  ii  ors,  roofing, 
'  !  hi  ig,  i  im  ind  lai  Iw  in     or  us  in;  true  toral  fi  iming 
h  ,!i   tn n  jth  iui  im  i,    ll<     a     ivailal     n shapes sif  id 
to  those  o   structural  steel,  Aluminum  sections  m    be  welded, 
k  ided  /ith  d  i<  we   oi  n  d  nically  fastened 

'  opp  1 1    idiif  il(  m  }!    I    me1  llicelemei    th    i    ndelyi      ! 
forelectri    i  firing  watei  pipin .  mdin  tk  t  lanufac  u ,  oi  ill »; 
as  bronze  and  brass  tsi  loi  mdresisl  nee  to  corrosion  also 
make  I .....  -  II-  n1  oo\  ng  ind f la  hingnt  •  ria  Hovvi  vei  copper 
will  corrode  aluminum,  I  i     tainle  -steel,  and  inc.  It  should 
iv  i  istened  atta<  It  ;  oi    upporte*   >  1 1 v  '■'  hcoj  P  !  '     In  fully 
select)  II  ass  il    igs  Conl     I  wi  ;h  eda  l  ii  in  thi  .'i,'1    h 
ofmoistui  i will ca  u  <  prem  i  ur  d  tei  >rationo1  thecopp* 1 

[3i  is  n  .     to  mo,  of1  mii  u     !i  *y:  con  i  ting.    >  n  i  illy 
ofcoppei  s ',:,'!'    isedforwindov    -  ili  i  \    ti  n,  nd  finis! 
liardwan  Alloys  th  ii  an  bra:    by  definite  i  mayh  m  name: 
th  i  ini  In ;    hi    ordbronze,a      •  iltet  to  lib  ■  n 

Lead  is    k     /» soft,  malleabl     Iui   i ,  r.,  n  i  illi     eat  il 
forflashit     m   lisolati      mdr,     i1  on  ihi  I  Ii  i     Tthi    |h 
leadistlif  hi  Mi     oi  1     ommt  nm    ilsj  •  p    bilil  'mak< 
ii  de:  <  blefi      >plii    ion    erui      i    trfaci    i    \  Idustand 
vapors  are  toxic. 

Galvanic  Action 

Galvanic,     :  i     •  -  u  ''  i       itw        imilarrm  tal:  when 

nough  noisti     i        <  ni  foi   I.      i      i    n1  ;"'i,  a  S: 
electric  oir .   ,  '    :  corro       lem     I    iiL   'I  ting  the 

other,  Tlr    verit      the  galvanic  a    iondej    dsonhow 

part  the  two  n        a    -  ,  >''    plvai 


Gold,  platinum        Most  noble 
Titanium  Cathode         (+) 

Silver 

Stainless  steel 
Bronze 
Copper 
Brass 
Nickel 
Tin 
Lead 

Cast  iron 
Mild  steel 

Aluminum,  2024  T4 
Cadmium 
minun   a  i 

•  Zinc  Anode  (-) 
e  Magnesium           Least  nobis 

Galvanic  Series 

8   fhegaivanii  :  ,<  1e  di  ;<  metals  in 
ord<  i  frommosl  nobli  toll  i  i  nobb 

•  Noble  tn.  i  I  ..  it  ;  is,  i|  lend  silver, 
resist  oxid  itionwhi  n  heated  in  air  and 
iolu    »n  I )  n   %  n    !<  id 

•  fhei  ie1    thai    dowei  in  he  list  is 

rifii  ial  and  coma  whenenougl 

mi    tore  is  presei    ft  lectrii 
current  to  flow, 

•  toefart!     ipai  netalsai 

list,  the  iiii  n     iscepl  bletha  least  noble 
one  is  to  corrosive  deterioration. 
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Stone  is  at  ig  *      it<     combination  of  mineral    .  ich  of  which 

isoompo       I  it.  >i  j  inii    i1  ■  i  a!  mbsl  w      f<  i  ualifyasa 
constrm  tio  .    terial    toi    should    iv    h     ll<  •  inequalities; 

•  Strength  Mos  types  Pstom  hav  mon  than  idequati 

ompn    iivi    ti  mgth    hi  <  h<  \r  >tt  ngtth  I  <ton<  however, 
is  usually  about  lho  of  its  compressive  strength. 

•  Hardness:  1 1  ird  i  ■    i  arri|  ortanl  'I;, «;  ton     >usd 
for  flooring  paving    nd   tail   r<  id  > 

•  Purabilil    !     s  U '      >  the  weathering    fectsoft  iin,  wind, 
heat,  and  fros    ction  is  necessai    or  extent     at(  ni  w  l 

•  Workability:  A  stoni    hardn      and  grain  ti   hire  must  allow 
it  to  be  qu  in   d,  >  I   aid  shaped, 

•  Density:  A  stone  s  poro:  ty  affects  it:  ibility  to  withstand 
fro  tactionari!      lii  i  ! 

•  Appeal  snce;Aj    arance facto    im  lud    <  lor,  grain, 

id  ti     it 

Stone  m  lyl   <        fi   I  according  to  g    logi  il  origin  into 
thi  followm  ityj  • 
-*  l-jti.  on  rod    ucha    ;•  miti    I  idiai    n  Im  il  i  hiti  is  formed 

by  thi  crysl  illi  il    10    i  tti  n  magma, 
••  Metanii  rphi  •  ■      ui  .1  ismarbl    ;   '  '  <<     1,  mndei  p  1 

acbangi  in    rui  !«     1     un    1     mi  >sitiondi    to  natural 
heat  and       ■   ■    •       tally  when  thi  rock 

beeorri  s  harder  a 
■*    >•  dii  icarl      n    , sural      iimestoi      am     1  ni    in  I  fiat ,  is 

formed  by  the  deposition  of  sediment  by  glacial  action, 

Asaloadbi  11  n  \ ,.•  illi  iati  ri  ii  toi  i  <l  nil  11  .  m  dularunit 
masonry  Alt!  ugbstoi  nas  m  not  n  s  mil  uniform  in 
sizi  ii  is  lid  i|  wil  in  orl  11  in  lu  dincompi  >  i  n, Almost 
ill  «  m  \  vk  :  1  i  ■  tedb)  .uddi  n  hai  |i  •  in  a  mperatun 
and  should  10I  u  I  whei  il  ign  iegi  1  1  «  .1 .1  mceis 
required. 


Stone  is  u;    i  in  construction  in  ti    I  flowing  forms: 

•  :  ul  bii    on     tsol  ougbi  ign  1  n   >oi  brokea    i       that h  v 
at  lea' 'I  om  a !''1 '  '    foi     po  ur  in  a  wall, 

•  Pimem  on      nei    r  irriedan ;  iqi  in  i  m  n    ?  (6W)or 
more  in  length  and  width  nd  of  specified  thi     h  ".used 
commonly  for  wall  panels,  comic      coping:  lintel      id  flooring. 

•  i  lags!  inerefei    to f I      toneslal    used  fo  fl  « ring  n : 
iiorizorrt  il  urfacin 

•  ( rushed    onei     ■         iggregat*  in«  onci      «    dui  I 

•  See  5.33  b  1  ty  ■•  »o1   i<  le  masonry. 
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Asacotistn     <     na       I,  wood  i     .*.,..  i i  !     ligh 

.-  ,         ow<  rl  ;    u   itio    toffei   <!  ■  ui  I  c  luty  indwarmtl 

.■,-«'  :"   I  u<  ,  /  li  .« ugh  ii  h     'ecomenei ipi  y 

onsen    ionm     un      '.if,    10     inu<     u  *|  i;  •   od  is  still 

u     I  >n<    i     us  tioninmai      .  •  rie  iforrn 

major clai     >oiwoo       softwood  ind  ,  •  <■.  id 
!     •     rmsa  .  iotdi  criptivei  1  the,   i  ia  I  ,  dn  s    *  Ptnei  • 
orstremj  ho     wood.  Softwood  isi        >o     •      my  of  various 
pr  domi  i   itl  'ev  §    n   om  b    ring  trees,  such  a  pine,  fir 
hemlock.  ndsprii<    u     I  for  general  on  truction,  S    rd  ood  is  the 
;-*o  fro  n    b  oa(  Ii  -   «  \o\ '  in  |  •  si     ich,  h  h<   y,i  t  ipie  01 
oal  i  picallyusedfoi  floori  ii  p,  n  lin<  fui  ii  m     indi  i    riortrim. 

The  maun,  i  n     ich,    o    jrows    I      ri1   *  trength,  its 
i  c<   ii!-!'  y      xpansion  md<    itra    on    nd its  ;ff<  tm  n<  .' 
ii   it  ii  iulator.1  ■  growth  list    PI    i    if  •    >iec  :  oi  sa  "!  -i  d 
may  be  joined  oformthi   •   uetun  md  enclosure  of  a  building 


G  ,  indirei  ioi  isth  m    n  h  tei  ninin   fad     nthi  i  i  i  in,  >■  -\ 
i   '     u    Imati  rial  Pensile    i  Icoi  ipre  siv  fore  •      s  >e;  I 
handled!    •  ■[>»  II  iadi  e<  ion]  tralii  I  tothi  grain  fypic,  ll\  igiv  n 
pi  ;  of  W(  i  I  will  wi  hL  \a  rid  /    101     >i ;  inconipi  s  ton  than  in 
1  .    on)  -  illel     i1    |i  lin  fh    lit  > ,  •  con  pi    •  v 
«a<      \    dicul  r  to  its  ^    nisi  ily  boui   '  U  I  of  the 
illot  ibh    on '  n  s  T  : forci  p  n  illel  a  th  grain  I   isiieforces 
I   i  !<  ndii  i  •  i   o  the  ^    linwil  -  m  .  the  o<  I  to     tit,  The  shea 
strength  o\  wodk  greater  acros  its  grain  tap,  ralleltothe 
grain,  Iti  >tii<  ,  fo  i  non   o     pti  >l  ti  ho  izoni  ,!  i  /  rthanto 
vertical  shear. 


fhf  mannei  in  which  lumbi  -  i  m  u1  from  i  log  affect  ritsstrengl  ia  ; 

'     ii     ;  •  i.  •  «      lainsawinga     raredli      i  <'•     rd  witl 
- .,  i  ly  p  ■    dpar,  Hi  I  ;ut:  i  :sul1  «in  Ia1    i  in  lu  «bi  i  th  i1 

•  May  he       emietyi    lotice  b!<  oi  lin  patterns; 

•  Tends  to  1   is1   ndcu     ndw  n  -unevenly; 

•  Fends    >hav<  .  ii  ><A  \  m 

•  .'  hi  nl    ,  .i.    wel    ■     an    i<    less   in     i    n  th 


Quarter  o  ■«   ;  »•,  -  ppi    im      -  .  hi  n  §1     i  oik  annual 

rings  i    oh    ii     '  ;t  .       ticalgrainl  '-'tori  hat; 
'   Has  mo      •    ,  ;,  n,     ti  rn 

*  Wears  rnoi      enly  with  le    raised  <    in  and     rpif  i; 

*  Shrinl     n   swell:        in  width,  m  .  in  thicki  ■ 

*  Is  less  iff*   tod  by      I  cec  e<  : 

i      n  more  waste  in      ;    ,  n  I ;      »re<  pensive, 


)d,  ■     '  i  losi 


.12     WOOD 


iMmm 

m 


1Ai"(6)/  3/s"(%  1/2'(15)/  3/4"(75)'  Shrinkage 


501      •  19%       •  15%       •  d%        •  0%        «  Moisture  content 


To  increase  its  strength,  stability,  and  resistance  to  fungi, 
decay  and  insects,  wood  is  seasoned — dried  to  reduce 
its  moisture  content — by  air-drying  or  kiln-drying  under 
controlled  conditions  of  heat,  air  circulation,  and  humidity. 
It  is  impossible  to  completely  seal  a  piece  of  wood  to  prevent 
changes  in  its  moisture  content.  Mow  a  moisture  content 
of  about  30%.  wood  expands  as  it  absorbs  moisture  and 
shrinks  as  it  loses  moisture.  This  possibility  of  shrinkage  md 
swelling  must  always  be  taken  into  account  when  detailing  and 
constructing  wood  joints,  both  in  small-  and  large-scale  work, 

Shrinkage  tangential  to  the  mod  grain  is  usually  twice 
as  much  as  radial  shrinkage.  Vertical  grain  lumber  shrinks 
uniformly  while  plainsawn  cuts  near  a  log's  perimeter  will  cup 
away  from  the  center,  because  the  thermal  expansion  of  wood 
is  generally  much  less  than  volume  changes  due  to  changes 
in  moisture  content,  moisture  content  is  therefore  the 
controlling  factor. 


{ <r—  Green 


Dry 


Fiber  saturation  point  is  the  stage  at  which  the  cell  walls  are  fully  saturated 
but  the  cell  cavities  are  void  of  water,  ranging  from  a  moisture  content  of  25% 
to  521  for  commonly  used  species.  Further  drying  results  in  shrinkage  and 
generally  greater  strength,  stiffness,  and  density  of  the  wood, 

^-"~^~~ ^  Knots  are  hard  nodes  of  wood  that  occur  where 

\<'^'  branches  join  the  trunk  of  a  tree,  appearing  as 

./'        \^  circular,  cross-grained  masses  in  a  piece  of  sawn 

""\  j>  lumber,  In  the  structural  grading  of  a  wood  piece, 

\_        ^^ff//A  ^m^5  a re  re5tr\cted  by  size  and  location. 

■  //  cj  Shakes  are  separations  along  the  grain  of  a  wood 

.:■'     '  '  piece,  usually  between  the  annual  rings,  caused  by 

'•  .  -;-    |  stresses  on  a  tree  while  standing  or  during  felling. 

Mljljl  ^""^  Pitch  pockets  are  well-defined  openings  between 

^*\     ^^(t}/A  the  annual  rings  of  a  softwood,  containing  or 

<\]U,^\  having  once  contained  solid  or  liquid  pitch. 

'  -    ^  ^—  Checks  are  lengthwise  separations  of  wood 

*'^\^  \  ,.  across  the  annual  rings,  caused  by  uneven  or 

^'^>„.   \  rapid  shrinkage  during  the  seasoning  process. 

1  Wane  is  the  presence  of  bark  or  absence  of  wood 

5^,^  \  af;  a  corner  or  along  an  edge  of  a  piece. 

;-- "        •          *  Warping  is  usually  caused  by  uneven  drying 
^  V^\  a  during  the  seasoning  process  or  by  a  change 
—:zzzzzzz:^s=^^'n  \  i  n  moistu re  content. 
, — z^-Xr-       \.  Qjp  j6  a  currarure  across  the  face  of  a  wood  piece. 

x\"'" -•  &ow  is  a  curvature  along  the  length  of  a  wood  piece, 

"\^_  "^-— *  Crook  is  a  curvature  along  the  edge  of  a  wood  piece. 

■     :    '        .  -~*  Twist  results  from  the  turning  ofthe  edges  of 

""-    '..  a  wood  piece  in  opposite  directions, 


Wood  is  decay-resistant  when  its  moisture  content  is  under 
20%,  if  installed  and  maintained  below  this  moisture  content 
level  wood  will  usually  not  rot.  Species  that  are  naturally 
resistant  to  decay-causing  fungi  include  redwood,  cedar, 
bald  cypress,  black  locust,  and  black  walnut.  Insect-resistant 
species  include  redwood,  eastern  red  cedar,  and  bald  cypress. 

Preservative  treatments  are  available  to  further  protect  wood 
from  decay  and  insect  attack.  Of  these,  pressure  treatment  is 
the  most  effective,  especially  when  the  wood  is  in  contact  with 
the  ground.  There  are  three  types  of  preservatives. 

•  Water-borne  preservatives  leave  the  wood  clean,  odorless, 
and  readily  paintable;  preservatives  do  not  leach  out  when 
exposed  to  weather. 

•  AWPI3  (American  Wood  Preservers  Bureau) 

•  LP-2  (LP-22  for  ground  contact) 

•  Oil-borne  preservatives  may  color  the  wood,  but  treated 
wood  is  paintable;  pentachlorophenol  is  highly  toxic. 

•  AWPE3  LP-3  (LP- 55  for  ground  contact) 

•  Creosote  treatment  leaves  wood  with  colored,  oily  surfaces: 
odor  remains  for  a  long  period;  used  especially  in  marine  and 
saltwater  installations, 

•  hWd  LP-5  (LP-55  for  ground  contact) 

Defects  affect  the  grading,  appearance,  and  use  of  wood 
members.  They  may  also  affect  a  wood's  strength,  depending 
on  their  number,  size,  and  location.  Defects  include  the  natural 
characteristics  of  wood,  such  as  knots,  shakes,  and  pitch 
pockets,  as  well  as  the  effects  of  manufacturing,  such  as 
checks  and  warping. 
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1  nbi  rb    -  •  if    i1  ,   p      sandgra<     I   ch  piece  of 
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•  Eachpiec  •  n  lui  i!?<  rm  <-,m  idem  irl  indii  iting  th 
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10151     .•'.!••    ri  m.s  roe  pi  to  I     Ithicl 
andmor,  i    ,   ■'  !  •'  •  ■.  ;  ,  .  -,  I  primarily 
with  respe     to  I  trength    sen  loaded 

lei  on  the  nam      o     *  ijoisl   i   ntl  iw\d>. 
I  ice  sapl  if- 

Li^ht  framing:  2"  to  4"  (51  to  100)  thick  and 
2" to 4" (51  •  Ii   )    i     •- 1  •"  dfi    •      h 
high  strength    iue  >a\    <    n   ui  ed 
Decking;  2"  to  4"  (51  to  100)  thick  and  4"  (100) 
or  more  wi :    ,«  i    dpi  i    ri  i\  ith  respect  to 
:  :ndin(    trength  when  io     d  en  the  wb 

e  im  >  inds  ring  ■'■:,  ;l<  is1   ;  (125)  thick 
and  a  width  t    n    '  >,•  ,,!  i)g  eater  than  the 
;hicknes    jradedprii  iarily  athe  -pectl  > 
bending  strength    ienf    ledoi       narrow  fa< 
I ,   i     nd  imb  s  '     i  !(1  i'1  i l  >,-   I  a 

11    nol  noi   than  2"  (51)  gi    i 
thanthi    lickni    >  :  3,de  \\   maril  foru 
colui  i       rying  n    iall  ,": 

umbei  t    neasure  in  bo  r<  '■,>• 
1  board  fool  i  »ec|ual  i  »th  velum.  o\    i  i<  • 
whosi  nominal  Iii  ten  ions,  re  12" p  Oi  )  «o,uai 
and  1"  (25)  thick. 

loi  inaldima    don    i .    hi  din  e  sionsofa 

ii     oi  I  itnl      ■.  i       K>  ug,  «5     urf    ii     i  et 
forconveni  u,    i  a,'  iningsii  •  md  computing 

m  in  11  /  Nomi  laldimi  n  i<    s  n  il  'ays  fri  ,«  i 
without  inch  marks  ("), 
Di     ed  sizes  are  th  ictu  Idi  m  nsionsofa 
piece  of  Ii  ii  ti  ei  ni«     f  soningan  I  surfacing, 
f com 3/a" to 3/4"  (1(  ii  19  le:    th  in  k  noi  iii  : 

imens    is 
,  oi    n  .  edsiz*  i 

•  Subtra*  i  '    (6)  from  nominal  dimen 
up  to  2"  (51); 

•  Subtram  ll  "(13)  from  noi  iinal  dimensions 
of  2"  to  6"  (51  to  150); 

•  OubtiOi .   '    !   bifron  wmi    (dimensions 
greaterthan6"(150), 

Lumber  is  g?  nerally      ;i  -i  .  ..    nth  drome' 
to24!(S'      t.  /  il!     m  ultiple:   ^2' (610). 


Span  rating  specifies  the  maximum 
recommended  centewtosenter  spacing  in 
inches  of  the  supports  for  a  structural 
wood  -panel  spanning  with  its  long  dimension 
across  three  or  more  supports,  -  -.^ 

Exposure  durability  is  a  classification  of 
a  wood  panel  product  according  to  its 

ability  to  withstand  exposure  to  weather  or 
moisture  without  weakening  or  warping.  _ 
Exterior:  structural  wood  panels 
manufactured  with  a  waterproof  glueline 
for  use  as  siding  or  other  continuously 
exposed  applications 
Exposure  1;  structural  wood  panels 
manufactured  with  an  exterior  glueline 
for  use  in  protected  construction  subject 
to  repeated  wetting 
Exposure  2:  structural  wood  panels 
manufactured  with  an  intermediate  giueline 
for  use  in  fully  protected  construction 
subject  to  a  minimum  of  wetting 


hoBrtwood  oral!  saowood,  free  from  open 
defects  with  only  a  few  we  1 1  snatched  repairs 
Awjrade:  a  smooth,  paintable  softwood 
veneer  with  a  limited  number  of  neatly 
made  repairs  parallel  to  the  grain 
fa-grade;  softwood  veneer  having  a  solid 
surface  with  circular  repair  plugs,  tight 
knots,  and  minor  splits  permitted 
Ograde;  softwood  veneer  having  tight  knots 
and  knotholes  of  limited  size,  synthetic  or 
wood  repairs,  and  discoloration  and  sanding 
defects  that  do  not  impair  the  strength  of 
the  pane! 

Oplugged  grade:  an  improved  Ograde 
softwood  veneer  having  smaller  knots  and 
knotholes,  some  broken  grain,  and  synthetic 
repairs 

Degrade:  a  softwood  veneer  having  large 
knots  and  knotholes,  pitch  pockets,  and 
tapering  splits 


Wood  panel  products  are  less  susceptible  to 
shrinking  or  swelling,  require  less  labor  to  install, 
and  make  more  efficient  use  of  wood  resources  than 
solid  wood  products,  the  following  are  the  major 
types  of  wood  panel  products, 

--  ?\ywood  is  made  by  bonding  veneers  together 
under  heat  and  pressure,  usually  with  the  grain 
of  adjacent  plies  at  right  angles  to  each  other 
and  symmetrical  about  the  center  ply. 

"•  Gradestamp  is  a  trademark  of  the  American 
Plywood  Association  (APA).  stamped  on  the  back 
of  a  structural  mod  panel  product  to  identify 
the  panel  grade,  thickness,  span  rating,  exposure 
durability  classification,  mill  number,  and  National 
Research  Board  (NRp)  report  number. 

*  High-density  overlay  (WO)  is  an  exterior  wood 
panel  having  a  resin-fiber  overlay  on  both  sides 
providing  a  smooth,  hard,  abrasion-resistant 

surface,  used  for  concrete  forms,  cabinets,  and 
eourrtertops, 

*  Medium-density  overlay  (WO)  is  an  exterior 
wood  panel  having  a  phenolic  or  melamine  resin 
overlay  on  one  or  both  sides,  providing  a  smooth 
base  for  painting. 

*  Specialty  panel  refers  to  any  of  various  wood 
pane!  products,  as  grooved  or  rough-sawn 
plywood,  intended  for  use  as  siding  or  paneling, 

-  Particleboard  is  a  nonveneered  wood  panel 
product  made  by  bonding  small  wood  particles 
under  heat  and  pressure,  commonly  used  as  a 
core  material  for  decorative  panels  and 
cabinetwork,  and  as  underlayment  for  floors, 

*  Oriented  strand  board  (OSIa)  is  a  nonveneered 
wood  pane!  product  commonly  used  for  sheathing 
and  as  subflooring,  made  by  bonding  layers  of 
long,  thin  wood  strands  under  heat  and  pressure 
using  a  waterproof  adhesive.  The  surface  strands 
are  aligned  parallel  to  the  long  axis  of  the  panel, 
making  the  panel  stronger  along  its  length, 

*  Waferboard  is  a  nonveneered  panel  product 
composed  of  large,  thin  wood  flakes  bonded  under 
heat  and  pressure  with  a  waterproof  adhesive.  The 
planes  of  the  wafers  are  generally  oriented  parallel 
to  the  plane  of  the  panel  but  their  grain  directions 
are  random,  making  the  panel  approximately  equal 
in  strength  and  stiffness  in  all  directions  in  the 
plane  of  the  panel. 


While  there  are  many  types  of  plastics  with  a  wide  range  of 
charact  ri   ;ics,t     i  iv 

•  Therrrn     tti  |     ;'    %      i  • !  '      I           se,  but 
once  they,  •  .     >i     ,    ,    •     bi     nepers     i  i  i  i    i< 
andcann  >tbi  1    .-.  •       :     ?reheatm 

•  Thermoj  ire  capable  of  softei 

heated  withou     i      <    :>    n,   ih     -  roles,  and 

of  hardening  again  when  cooled, 

in  hi  i  ibli  ■  low  in  li    e<     leplasti    thai      com      ! 
used  in  .     •        -    ■■    .         i  iaryuses. 


Thermosetting  Plastics 


Uses 


Epoxies  (EP) 
Melarnines(MF) 
Phenolics  (PF) 
Polyesters 
'(     i!  th       (Ul 
■  ilii       «(  I) 


Thermoplastics 


Acryloniti  -  bi      iei    si 

Acrylics  (        iethyli        :    - .    •  - 

Cellulosics  (Cellulose  aoetate^utyrate  -  OAty 

Nylons  (Polyamides-  PA) 

Polycarbonates  (fCj 

Polyethylene  (PE) 

Polypropylene  (PP) 

Polystyrene  (PS) 

Vinyls  (Polyvinyl  chloride  -  PVC) 


Adhesives  and  surface  coatings 
High-pa :   i       mi  nol     I  product:     •     iv   .coatings 

Electric  il  pa      laminarl       ami  «       Dion,  adhesives,  i  ostites 
Fiberglass-reinforced  plastics,  skylights,  piumbm^  fixtures,  films 
Foaitiinsu!       i         «         icsi  es,  coatings 
Waterproofing,  lubricants,  adhesives,  synthetic  rubber 


Uses 


Pipe  and  pipe  fittings,  door  hardware 
Glazing  adbesi      cauikin     .  .    saints 

Pip!     ,:■  .      • 

Synthetic  fibers  and  filaments,  hardware 
Safety  glazing,  fighting  fixtures,  hardware 
Pampproofing,  vapor  retardeo  electrical  insulation 
Pipe  fittings,  electrical  insulation,  carpeting  fibers 
Lighting  fixtures,  foam  insulation 
Flooring,  siding,  gutters,  window  frame 


nsulation,  piping 


CSI  MasterFormat  06  50  00  Structural  Plastics 
LSI  MasterFormat  06  60  00  Plastic  Fabrications 
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glass  si  prated  \    i  herm,  iically 

eat     : ,    ,  ■      :   j      ;  t      Tmal 
insulation    i  i    strict  con  lensatiori;  - 
glass  edg<  « ni      f  «  i  /  "(5)  lir 
space;  metal  edge  units  haw  a  SA"  or 
V2"  (6  or  15)  air  space, 
fintedorl     I       orl     igia     h     1 

herni    !    ;  -;|  I  ;i     1   ib   ■  -  1  portion 
of  the  radi  ml  k  it  in  Ivisibf  light 
that  strike  it.  Iron  0  1,     |ivi  >tk  glass 
ap,  t'  blu<   jr  i  ■. :  nt;<  'ball  owJeand 
ij,,1  I  imparl  igi  1  1  h  tint;  -  li  nium 
infuses  a  bronze  tint, 
Refleetivi  gl,   s  ha    1  thin  translucent 
metallic        ingi    eflecl    pc  tionof 
thelighi  md  1  1  li  ml  h  rttl  il  strike    - 
it.  The  coati    mayb      |  It  !  ■  on* 

•:.:' ,(.  o\  m  I.-  gl  1  ing  1 1  bi  twe<  1! 
the  plies  i  ! s  1   in  11    Igl  iss.orto 
theext  rii -I  >rii  I    ioi  surfaces  of 
insulating  glass, 

Low-emissiv     (low-e)gla     transmits 
visible  light  whit    •  le;  I  velv\  n  ft  cting 
the  longer  •  a'   en*  th  >ol  1  idiarit  heat 
produced  by  i  epo:  iting  i  low  e  coating 
either  on  Mi.  gl      itsi  If  or  over  a 
transpar  nt  pi  :  tii  film  m  pendedin 
the:  ealed  lir  pa  eoi  insul  itinggl ;".-. 
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Glass  isa  hard  I  i'ttl  ,c\  m'u  illy  in  ri   ubsl  mcej  'odu  t  I  by  fusing  silica 
tog    hi  i  with  if!  i;  andas  1  »ili  ei  in1  'am.  ss thai  cool  to   rigid cond  tion 
without  cry  i  1  ization.lt  is  used  in  building  construction  in  various  forms, 
1 0  \mt  If.'"  Hut    gla  s  is  used  as  rigid,  v  iporpi  -  >1  hei  nalii  ul  ttion  (  I  n 
fib*       r«  i  >(    hi     (til     indt  )i  m  .1    ialr  inl  m     en    I    >,   n  form  gla     hU 
formglas:  wool,  which  is  used  foi  icoustical  md  thermal  insulation  Glass  block 
is  used  to  control  light  transmission,  gl  re  md  .clan  idiation  Glass,  however,  is 
n  >edrri    '  com  nonh   og  1    the  window   >a  h  md  >kyl  jhti  pening  oi  mil  ling 

Thethrn  m  j  >i  type;   Tflatgla      1  ;th«  '  lowing: 

•  Sheet  |l      i:  f  il  a,  itedba,  di  ■  ai  ]  thi  nol    iglas:  fr<  m  1  furnace 
(drawn  glass),  or  by  foi  ning     /I  in  ei    tivi  iingfl  f  ngthwi  >     ndflatt  nin  |i1 

!  ylinder  glass)  Hie  fin  polishi  Isurfai  s  are  not  perfectly  parallel,  resulting 
insomed   tortioi  >f  vision.  To  minimiz*  this  distortion,  gla:     should  be  glazed 
1  !,  th  \  wt  di:  tori  onrui  1  ingh<  rizonl  ill 

•  Plate  gl      is  fori     Ibyrolli  gm  it  ngl      intoaplat     hat     :  ul    emeriti^ 
ground  in,  p<  lishedaftei      I  ng  '  at    T  .  pn  vi  l<    virl  sally  clear, 

un '   t«  1  edvi  ion 

•  Float  glass  is  manufai  tured  by  pouring  molten  gl  iss  onto  r  urface  of  molten 
tin  nd  lit   :  igit  I   cool  I    ■!/  fk   •  ultingflal  pai  ill.  l  urfao  >  minimize 
lis  irti  n  n<  ( lin «  it    th  n    d  ft  1   rii  ling  n  Ipoli  lain    1 1   it  gl   .5  is  the 

successor  ifs  pi  0  jia    and  ccounts  for  the  majority   Fflal   (lass  production, 

Other  type    Tgl     «in  ludi  lh  !  It    >  1  \ 

•  Anneale  gl  1:    '    ooied  slowly  to  relie\    sterna  I  stresses. 

•  Heat     rengthi        ;    ■  :     rm    led  gl    s  that  is  partial    temp     dbya 

ing  an    ud  encooli  ^strengthened  gl      h     iboul 

twice  the  strength  of  annealed  glass  of  the  same  thickness, 

•  !  ii  j1.  -  •     mealedgla      hat       I        I  to  just  below  the  soft    lim 
point  and  thi  n   ipidlycoi  f  s  to  in  !i;< .  ;oi  i|  w.   iv    »tn  a  an  th<    urfai 

ndi  Igesot  'is-  «-1  •     in  Itensif   ti    ■ »    -1  thi  in!  1    1  temp;  \ ,  -il  1  ■ 
hasthrci       w  tirn    thi  resistan     *'  inn*      I  glass  to  impact    1  1 .1    mal 
sin  >      5""  <  in  1 »;  i't  il    red  -\s-\  \  ibricatii  1  Wh<  nfract  ired  it  br<  il   into 
relatively  hai  it  -  a«  bbli  r-i  >  I  parti  le 

•  Laminated  or  safety  glass  consi       F  two  01  none  plies  of  flat  jlass  bonded 
und    heat  and  \  r    >\  n    ■  int     y  1    ■  p  ly  in  II  ut  /rah    !'    hai     I  lin 
thefragmi  nt   it  thi  gla    i  broki  n.Securi     jla  si  I  imin  i  ed  !    5 thai  has 
exceptional  ten  «it    nd  impact  strength. 

•  Wiredg':'.     lat  or  patterned  glas;  iavingaso.ua    or  diamond  wire  mesh 
embe  ided  athin  1  x-  p  ^  nt  .hattei  ngin  hi    \  nt  of  bn     1    or    ces:  \ 
It  it  Wi  i  igl;   si  eoi  sid<  reda     fetygia  ingm  0  ri  il  n  I  n  \  k  u  ed  to 
glaze  fin  d  01    md  windows. 

•  hallf  n  dgl  1  ■ . ha    1  line  irorg  ometi  1    urfai    patt  :rn  I  rm<  lin 
the  rolling  proci  .5  to  obscure  vi  ion  or  t  diffuse  light. 

•  Obscus  |l     -ha  on<  >r  both  sides  acid    tchedoi  -andblasted  to  obscure 
vision,  tali  :i  p\  )ct     m  ikensthei  i  1     mom  ikes  it  diffii  ult  to  <  leai . 

•  Spandrel  glass  is  an  opaqm  jlass  for  coni  alingthe  tructural  elements  in 
.ii1  inw  ill    mstru    i<  n  pn  l ..  edb^  '1   ingaceran  «*  frit    )th<  interioi 
urfa  ■  c>->  ti  mp<  n  I  or  I    it  f>!  -ength  v  I  glass 


CSI  MasterFormat  08  81  00  Gloss  Glazing 


Gloss  Product 


Type 


Nominal  Thickness 

inch  (mm) 


Maximum  Area 
inches  (mm] 


Weight 

psf* 


Sheet  Glass 

AA,A,a         553/32 

(2.4) 

60%  60 

(1525x1525) 

1,22 

DS7a 

(5.2) 

60  m 

(1525x2050) 

1,65 

float  or  Plate 

Mirror 

1/4 

(6.4) 

75  sf 

(7  m2) 

3.25 

G\  i  ••!* 

7a 

(5,2) 

74x120 

(1550x5050) 

1.64 

!/4 

(0,4) 

120x204 

(5250   5150) 

5.25 

,  avy  1 01 

Glazing 

% 

{7.9) 

124x200 

(5150    -050) 

4.10 

% 

(9.5) 

124x200 

(5150x5050) 

4.92 

V2 

(12.7) 

120x200 

(3050x5050) 

6,54 

% 

(15.9) 

120x200 

(5050x5050) 

5.17 

3/4 

(19.1) 

115x200 

(2920x5050) 

9.15 

7/e 

(22.2) 

115x200 

«  !  20x5050) 

11,45 

Patterned  Glass 

Various 

7e 

(5,2) 

00x152 

(152!  :  )555) 

1.00 

patterns 

7/32 

(5.6) 

60x152 

(1525x3555) 

2.40 

Wired  Glass 

!  >li  lied  n  "  h 

V4 

(0.4) 

60x144 

(1525x5660) 

5.50 

Patterned  aaiesh 

74 

(6,4) 

60x144 

(1525x3660) 

5.50 

Pai  ille  wii  •* 

7/52 

54x120 

(1570x5050) 

2.52 

]/4 

(6.4) 

60x144 

(1525x5600) 

5.50 

5/s 

(9.5) 

60x144 

(1525x5660) 

4.45 

Laminated  Glass 

(2)  V&"  float 

Vc 

(6.4) 

72x120 

(1  30   3050) 

3.50 

Heavy  float 

% 

(9.5) 

72x120 

(1550x3050) 

4.50 

72 

(12,7) 

72x120 

(1550x3050) 

0.35 

D/e 

(15.9) 

72x120 

(1550x5050) 

5,00 

Tinted  Gloss 

drome 

7e 

(3.2) 

55  sf 

(3  m2) 

1,64 

3/ie 

m 

120x144 

(3050x3600) 

2,45 

74 

(6.4) 

120x204 

(3250x5150) 

5,27 

% 

(9.5) 

124x200 

(5150x5050) 

4.90 

72 

(12.7) 

120x200 

(5050x5050) 

6.54 

Gray 

7e 

(5,2) 

55  sf 

(5  m2) 

1.64 

/k 

(4-5) 

120x144 

(5050x5600) 

2,45 

iu 

( ,2 

120x204 

(3250x5150) 

3,27 

% 

(9,5) 

124x200 

(5150x5050) 

4,90 

Vz 

(12.7) 

120x200 

(3050   5050) 

0,54 

•   rial  ig  G  i  ; 

Glass  edge  units 

(2)  3/32"  sheets 

3/ie"  air  space 

3/8 

(9.5) 

10  sf 

{0.9  m2) 

2.40 

(2)  Vs"  sheets 

W  airspace 
Metal  edge  units 

'7ie 

(11.1) 

24  sf 

(2.2  m2) 

3.20 

(2)V 

V  "  iii  s|  i 

72 

(12,7) 

22  sf 

(2.0  m*) 

3,27 

Sheet,  plate,  or  float 

V211  air  space 

3/4 

19.1) 

22  sf 

(2,0  m2) 

5,27 

(2)3/l6" 

V4"  air  space 

5/& 

(15.9) 

54  sf 

(5,2  m2) 

4.90 

'    eorfloai 

fi"  airspace 

7/& 

(22.2) 

2   \\ 

(5.5  m2) 

4,90 

(2)7c" 

V411  air  space 

3/4 

(19,1) 

50  sf 

(4.6  m2) 

6.54 

1  1  t  -•;  Flo.  ; 

V2"  air  space 

1 

(25,4) 

70  sf 

(6,5  rti2) 

6.54 

'  a  /i  m  m  im  >i       ith 

jl  1     nanufacti  rei 

■  .    i         !  or  thicker  can  b< 

«.  rip     d     ceptforpattei 

or  wired  §1  ;      empei   Icjlasscan 

.  h  bi  i    1  rpoi  iti  I  into  ri:  ul  til  ■ 
or  laminate  ,       units, 

", :'-'  iv      11  ncjt  mayb   ,  >pli  I 
tofloat.pl         mpere*      nin  il 
01  in  uli  ti  i§§l  is; , 


Solar  energy  ti  in:  mis:  ton  reduced 
55%  to  75% 

Visible  I  kg  hi  ii  in «,  li  2'on  reduced 
32%  to  72% 


Ra/alue  =  1.01 
Rvalue  =  1.61 

R-value  =  1.72 
R-value  =  2.04 

lvalues  for  units  w/  V211  air  space 

id  lo      coating 
e  -  0,20,  R- 5,13 
e  =  0,40,  R  =  2.65 
e  -  0,60,  R  =  2,55 


psi       i/,9"     1 


18     MAI!  i 


4d 
Pit 

m 


6d 
T 
(51) 


•  Common  nail 

•  Box  nails 


i    !    '■('.   I  ill  i 

i  in  hingrt  \k 
Flooring  nails 
Cut  nails 
i  "  fingn «' 


M 
Pit 

(64) 


m 

5" 
(75) 

q=3 


5J/T 

(35) 


16d       *  20d 
Pit        4" 
(30)         (100) 


Foi  general  c<  n  tru< '!'  i(2dto60d) 
Forlighrl  ci  n:  tru<  tioi  I  !dto40d) 


For  finish  \     k  (2d  to40d) 
i   i  ibi  ii     ■ !    I      \0d) 
For  fastening  fi      -  •  i  ] 

For  wood  flooring 
•  Forfasl  ning  hingli 


Double-lit  idednail       •  I     temporary  structures 


Masonry  nasi 
Spikes 


For  hammering  in    concrel   or  masonry 


•  Fori  i  I  ning  hi  «  '  imbei  « 

IffiSeo^^ 

wowemdriven  studs      *  For  driving  into  coni  el   orsteel 


Nails  are  straigbl   k\  lerpiei  :sofm  ;  il  having  one  end 
pointed  and  thi  other  enlarged  ind  latia  i  d  for  hammering 
ntow    dor  other  I     ling  n,  Ferial:  : «    ! 

!';llliri|i!| 

•  Nailean  u  u  sh>, . j  m  d  steel,  bu1  :f  $  also  be  of 

ium  num     pp  r.br   • ,   n<    >i    ta  nl   ■■     "I 

•  Tempered  !  igh  carbon  si    I  nails  are  used  foi 
go  it  i  mrengthinm  i  onry  ippli   « ! ,f ^ - » 

•  The  type  o\  m<  t  il  usi  d  should  b<  «  omp  il  sit.  wit  h  the 
mat  rial  b<  ing  secured  F   iv  i !  "•  >oi  i  ldin<  p< 
and  prevent  >1  kii'v  \  F  ii:.  m,  teri  ils 

Length  oncl  Diameter  of  the  Shank 

•  Nail  length    i     l<  ign    edbyth      rm  penny  (d). 

•  il  dl*-  mg  in  length  from  2d,  abi  l"(25)long,ti 
60d;  about  6"  (150)  long, 

•  Nail  length  .',.  uldbi    bout   *   thiol  lessofthe 
material  being  secured. 

9  Large  di  imeia  r  nails  so  !i'..  j  orhea  7  work  while 
lighl  i  n  iil:  in  u  >  d  foi  Fii  1  0  rl  fch  in.  mails 
aroused  I  >i  hai  !  ■    I      berth  irrl       1    ■ 

Form  ui  Hi  1    «han 

•  Forgre,  ergrippii     trength, nail shafl    maybe 
■errated.l  rl    Fthn     ■  •    u1    i.oi  twisted, 

•  ii  ii  .naftsn        ■  ■  ns  11       .....     erresisl  rn 
to  withdrawal,  or  be  zinc-coated  for  corrosion  resistance, 

Nail  Heads 

•Flat  hea*    pn  ■  id  th     n       11 of  combat  tarea 

and  an  us  I  when    po:  ui    Ttheh     isi    iccej    1!  I< 

•  The  hi  m     .  fini  h  nail     re  only;  (ightl  Oai    1  1  ban  the 

haft  and  may!      .  ■  ■  1  .   -  ■,  -  ; 

•  Doublr  hi  i,1   inail     re  li    d  for  easy  n  movalin 

i  j     i!      ,,     uctionand     1     tei     1    rl 

Nail  Points 

.  Mos1  nail  hawed     lond-shaped 

•  Sharp  poii  1    Inail  >b  "•■  gi       t '  >lding    rengthbut 
mayl  nd  i     pi    n  m  mods  bli  ntpo     .should  b 
used  for  easily  split  woods, 

Power-Driven  Fosteners 

•  Pneumatii  nailer:  indsl  ipli  *   •  iv  nl  /  (compressor, 
are<  ipabb    ffast  ni  1  im  it  rial   V  w<  >d   >t<  '  01 
concrete, 

•  Powdei  driv  nfasl  ni  rsu  x  gu i  wwdei  1 '.  rg<  -to drive 
a  variety  of  stu  Isinti  concn  be  or  steel. 


CSI  MosterF ormat  06  06  00  Schedules  for  Wood,  Plastics,  and  Composites 


Screws 

Sen  '  •  ,    >,■     • «     ■ ,       m\       -  !'    II    i . 

shanks  mi      tied  head    :    ig     II       Iri    ti  ito  wood 

ori'i  !il.  b  •    •'•■•.    is  with      i    driver.  && 

threaded      '        rows  haw  ho  '    ipcw   than  nails, 

and  are  in-       sil        -  hern       hi      si     /have  per 

inch, thi  §i       rthei    ripping  s     ngth        '       .    i    filed 

by  us      "    !       I,  ma     i    len        nd  diameter, 

•  Mated  il:         bi        lumim  n,bron      •  linii  35  steel 

•  Lengths:  V2"  to  6"  (13  to  150) 

•  Diameters;  up  to  24  gauge 


'!<  :  >.    .<  i  crei     i  sul :        01       "(3)165  than 

thecombi     Ithickn       fth       1      >em§ joine*    a  [1  /a  to 
waaofthf   ■  «      length  penel   ttingtbeb    .    « «     i  il 
Fine  thre    edscrei  enerally  used fi       at  oods  ■  1 

coarse-thi    dedi       ir   15&   or  sol  woods. 

Holes  for  .•  1  ■     »hi  ul   bi  p    irilled  and  be  equal  1  >  the  base 

iamel  ■'  •     bread;    ■  • . .  s    hassel      pping 

anddryw  II screw:    (redesigned     ta\     m    ponding  fernal 
hi    d       th  '  ... 


Flat  head 
Oval  head 
ou  id  I  7  : 
truss  head 
Pan  head 
Fillister  head 
riugle  head 
Security  head 


W 


.'  ■■-'■  en  v 

I       W  !l! 

1 1,  .■  aire  screw 
Self  tapping  screw 
iheet  metal  sci    • 
Cap  screw 
Set  screw 

Sli .!  ?dh<    '• 
hillij    !    ( 
Allen  head 
[uan  InVi 


Bolts 

I  olf    ire  th     -  -  -.-I   ■  ''  "    cr  rods,  usually  havi      head 
at  one  end  lesignedto      nsertedtl       h  holes  in  iss  wibled 
partsai     ecuredbya  n  ti  u  nut.  1    >   a.  boll     n  ised 
whei    tl    h«    It     ihi  in,     1     i       uringtighl  nil  ,     ,, 
bolts  or  Si  w        used  in  areas  inai        bletothepl  "cement 
of  a  nut  01  when     ,.  -    ptionallylon    'oil   iou\d\     \>  ededto 
penetrate  a  joint  fully, 

•  Lengthss3/4"to30"(7Sto760) 

•  Diameters;  Vs"  to  1J/V  (6  to   2 

•  Wa  hi      ire)      >rateddisl         etah  rubber,  or  pi 
usedun ;. .   ;     .    lofanutorbo       itaji  inl  to 
distribi  •  pr  j  ■  en1  leakage     i.  •     rti  tion.or 
insulate  in         I       11 

•  Lock  wash                  Ily         ;             ,  event 
anutfrornshaki       ■• __ — —- ^    " 

•  Loada  ■  :  .           '       save  small  projecti      >:- 
11      ogn     ';    lyl         ■        ■''''•      ightened, 
gap  between  the  head  or  nut  and  the  washer 
indicating  the  tension  in  the  bolt.  ~~ 


:   stell  iti  !  iu1 


;  Cap  nut 


*1>» 


(C2J 


Spring-lock  washer 


External-tooth  lo< 


Machine  bolt 

lexagonalhea 
'  »o,uan  ii'  1 l 


Cai  'iagi  boll 
k\\  re  Hi  1 


Lag  bolt  or  screw 


!0     <MIS<:Kf.SANEOII*  f-'A.STgNlNGT: 


m  ;.  '.•"■ 

1;     ■        S 

\ 
-  \\ 

$  CL 

__3 
.  en    dj        C  i           i 

: 

3 

w  •    ...■ 

■■    %rt^-M>f> 

A 

<pan  ion  boll   ar  anchoi  boll    having  a  -j-ii  <  !  ing  I:  m  expands 
mechanically  to  engage  the  sides  of  a  hole  drilled  in  masonry  or  concrete. 
Mollyisatrademarl  foi  i  'rand  >f  expansion  boll  having    split,  sleevelike 
., '  ithl  in  \dt  :  ■  thai  turnin  jth<  boll  li  m   th    ndsoi  th    .heat) 
togeth  i  ind:  preadsthesid     I  )engag<  ;  hol<  .  rilled    m  i  <  iryorthe 
inner  surface  of  a  hollow  wall, 

Expansion  shiel,  i  are  lead  or  pi    ti<  »leev    -insert  dintoapredrilledhole 
andexpan  ledbj  I  h,  ng,  boltoi   c\  w  into  it 


;■■-■  .\\1 


fogglf  bolts  in  u  «e  I  to  fa  ;t<  nm  iteri  il  etopl  ister  gyp:  um  board,  and  othet 
thin  wall  ma  -  rial    Fhey  have  two  hinged  wings  thai    l<   i  igainst  a  spring 
cm  n pa:  »ing  thi  n  )h  i  pi  d  ill  d  hol<  in  I  mm*  ■  the)  m  rg<  toen  |  ig<  thi 
inner  surface  of  a  hollow  wall 


| 

i    f'".el 


-*  Rivets  in  metal  pinsl     !  in  used  ft    penman  ntiyjoining  two  or  more 
structural  s1  elrnembei    !";  i    ing  \h  idedshanl  trough  i  hole  in  each 
pies    mdh  i  mi  i  ring  '  m  th.  pi  lii    nd  to  form     ■    <•'••    ■ '    h  iru    lf 
beenlargel  >.    ip     eded  by  the  less    ibi    in    n    etechniqu        bolting  or 
welding, 

-  I  (pic  iive  rivets,  used  when  a  join      -         - '       n  on      !  onl    have  an 
-  ; '  i      I       ■  .  '   ,        ng      head  with  ah,  miner 

toexp  ind    «    banko    he  1       i    »fth  hole. 


Common  i    >•    ol  idhesives: 

-  Anim  ih    ;'  Mt  li      irej  rim  irilyfo   n  I  >oi  me  where 
temp,  f  i  i    md  I  umiditydon  I    it    jreatl    they  may 
bew(  i ken  posuretoh  a;  or  moisture, 

■  /hit!  i  ■  |  >lyvin  'Iglm  I  rjuickt  t .  riotsl  id  md 
i     lightly  n   lit  nl 

•  :  po  yi    «t     n     a,  melystn  ng  i  dm  m  <  ised  to 
secun  both  p  rous  in  I    >nj  orou  n?i  iterial  .J  hey  may 
dis    i    son    plastics  Unlike  c  thai  idhi  >w     epo  \  gl  ti 
will  ?ei . !  li  wtempei  itures  indun  f  ,se  I  a  ndition  • 

•meson      esin  ,<n  strong.,  -  iti  rpt  ><  i  tn  1  lui  iblefoi 
outdoor  use,  bnl  they  an  flammable  ind  their  dark  color 
may  Ik  .  throes  hpa  i1 

•  Contact  cement  forms  a  bond  on  contact  and  therefore 
does  not  requin  1 1,  mping.  H  is  gen  » illy  used  bo  secure 
large  sheel  m  i      "v  :  uch  i  pi  i  mic  laminate. 


Adhesives 

Adh<  >ive!  n   used  !'':  ernui    th<    urfac;  •.  I  two  material  >  ogethi  r.  Numerous 
type    ol  idh  ■  ,    •  ■ .  iv  ii   •    n  h     if  th  mm  in  j  I  iil<  i  mack  form    vith 
pecifi    na    rial  and  und  i    «    Red  a  nditf  ns    i     nay!    mppli  I  in  th< 
form  "I  i  olid,  liquid, powdei   mfilm  .omerequire,     rtalys  •■    ctivatetheir 
idhi     i  pn  pertii  ■  Ah  ly    olloi    !    m  inui  mturei     .     n        iatii  ns  in  the 
use  ofan  adhesive,  I  mportan    onsi    rations  in  th<   election  of  an  adhesive 
nclude; 

Strength  Adhesivi     in  usually  strong  st  ini  si  tingtensik  end  shear 

.'i  ■        ■  idweab  .1  in  re .  «1  n    l<  r  \qt  <  i   plittiri;    ti    . 

Curing  or  setting  time:  This  i  mg<  >fromimrm  liat<  bonding  to  ;u  ing  times 

of  up  to  several  days, 

Setting  1    >  p<  i  turei  ng<      mi    ml.  ive:  vili  .    it  room  temperature 

ws  il<  othei  r<  [t  m  b,  kingatele1  1  m     nj  en  tures 

Method  »f  bonding  Sorm  adhi  m-  » bond  on  conl  ictwhit   ethers  require 

clai  ipingo  hig  i  rpre<  un 

Characteristics;  Adhesives  vary  in  their  resistance  to  water,  heat  sunlight, 
ndchi  'in  ]l    is  well  sthi  i  mm,   mopert  es 


The  purpose  of  a  coating  is  to  protect  preserve,  or  visually  enhance  the 
surface  to  which  it  Is  applied.  The  principal  types  of  coating  are  paints, 
stains,  and  varnishes. 

Points ■ — 

Paint  is  a  mixture  of  a  solid  pigment  suspended  in  a  liquid  vehicle  and  a 
as  a  thin,  usually  opaque  coating  to  a  surface  for  protection  and  decoration. 

•  Primers  are  basecoats  applied  to  a  surface  to  improve  the  adhesion 
of  subsequent  coats  of  paint  or  varnish, 

•  Sealers  are  basecoats  applied  to  a  surface  to  reduce  the  absorption  of 
subsequent  coats  of  paint  or  varnish,  or  to  prevent  bleeding  through  the 
finish  coat. 

•  Oil  paints  utilize  a  drying  oil  that  oxidizes  and  hardens  to  form  a  tough 
elastic  film  when  exposed  in  a  thin  layer  to  air. 

•  Alkyd  paints  have  as  a  binder  an  alkyd  resin,  such  as  a  chemically  modified 
soy  or  linseed  oil. 

•  Latex  paints  have  as  a  binder  an  acrylic  resin  that  coalesces  as  water 
evaporates  from  the  emulsion. 

•  Epoxy  paints  have  an  epoxy  resin  as  a  binder  for  increased  resistance 
to  abrasion,  corrosion,  and  chemicals. 

•  Rust-inhibiting  paints  and  primers  are  specially  formulated  with 
anticorrosive  pigments  to  prevent  or  reduce  the  corrosion  of  metal  surfaces, 

•  Fire-retardant  paints  are  specially  formulated  with  silicone,  polyvinyl 
chloride,  or  other  substance  to  reduce  the  flame-spread  of  a  combustible 
material 

•  Intumescent  coatings,  when  exposed  to  the  heat  of  a  fire,  swell  to 
form  a  thick  insulating  layer  of  inert  foam  that  retards  flame  spread 
and  combustion, 

•  Heat-resistant  paints  are  specially  formulated  with  silicone  resins 
to  withstand  high  temperatures, 


Pigment;  a  finely  ground,  insoluble 
substance  suspended  in  a  liquid 
vehicle  to  impart  color  and  opacity 

to  the  coating; 

+ 

Vehicle:  a  liquid  in  which  pigment 
is  dispersed  before  being  applied 
to  a  surface  in  order  to  control 
consistency,  adhesion,  gloss, 
and  durability. 


Binder  is  the  nonvolatile 
part  of  a  paint  vehicle  that 
bonds  particles  of  pigment 
into  a  cohesive  film  during 
the  drying  process, 
Solvent  or  thinner  is  the 
volatile  part  of  a  paint 
vehicle  that  ensures  the 
desired  consistency  for 
application  by  brush,  roller, 
or  spray. 


Varnishes 

Varnish  is  a  liquid  preparation  consisting  of  a  resin  dissolved  in  an 
oil  (oil  varnish)  or  in  alcohol  (spirit  varnish),  that  when  spread  and 
allowed  to  dry  forms  a  hard,  lustrous,  usually  transparent  coating, 

•  Spar  or  marine  varnish  is  a  durable,  weather-resistant  varnish 
made  from  durable  resins  and  linseed  ortung  oil, 

•  Polyurethane  varnish  is  an  exceptionally  hard,  abrasion-resistant, 
and  chemical-resistant  varnish  made  from  a  plastic  resin  of  the 
same  name. 

e  Lacquer  refers  to  any  of  various  clear  or  colored  synthetic  coatings 
consisting  of  nitrocellulose  or  other  cellulose  derivative  dissolved  in 
a  solvent  that  dries  by  evaporation  to  form  a  high-gloss  film. 

•  Shellac  is  a  spirit  varnish  made  by  dissolving  purified  lac  flakes  in 
denatured  alcohol. 


Stains 

Stain  is  a  solution  of  dye  or  suspension  of  pigment  in  a  vehicle,  applied 

to  penetrate  and  color  a  wood  surface  without  obscuring  the  grain, 

•  Penetrating  stains  permeate  a  wood  surface,  leaving  a  very  thin  film 
on  the  surface, 

•  Water  stain  is  a  penetrating  stain  made  by  dissolving  dye  in  a  water  vehicle. 

•  Spirit  stain  is  a  penetrating  stain  made  by  dissolving  dye  in  an  alcohol  or 
spirit  vehicle. 

•  Pigmented  or  opaque  stain  is  an  oil  stain  containing  pigments  capable  of 
obscuring  the  grain  and  texture  of  a  wood  surface. 

•  Oil  stain  is  made  by  dissolving  dye  or  suspending  pigment  in  a  drying  oil  or  oil 
varnish  vehicle, 


CSI  MasterFormat  09  90  00  Painting  and  Coating 


All  materials  to  re<    '    |     rtorothi  latingmustb  proj    I  p   pare(   md  primed  to 

ensure  adhesion  of  the  ci   tingtothei  •'       esandtoi     imizi    he  life  of  the  coating. 

In  general,  surfed    -  '  ulei  be  dry  and  1  eofcontaminarrl      uch  as  dirt,  grease, 

moistun    iridmild      fli    olio   n;   n  <     nm  idation  fori  rio    materials; 

-*  laricl    urfeci    nouldlvar    !  >    lo      i    rtai    fflorescencf   md  thei  foreign 
i    terremi     I  by  vvii   bru  hi  i«    lirpi      i     o\  *  I    irn  i     ninej    >  -!  vitl  ,!  iti 
>ri  icr     alerorai  l«  11  >ili  on*  ,.  iti  r-rej  Hani 

-  i  orit  retern  oni  hould  I  >roughl  li  nd  free  of  dirt  and  loose  or  exce;  -mortar. 
;  i  row.  u  :  ->  nay  i  |i  in  I  ;  fill  i  >i .  em  n1  groul  prim.  -  N  thi  i  u  tt  Ivalui 
ofarouoJ     ,.  ■  importani 

■•  ■  on<  ret,     n  tould       elkuredandfi      fdirt,  form  oil     ind  curing 

, .  i     .    :  .may  require  a  blo«    Filli  i      <  m  .■  |i  u1  prim*  r  Prime 

grouted  surfaces  with  a  latex,  alkyd,  o\  <  >il  pi it  ii        il<  r,  Con<    I      irfacs     n  ly  ilso 
be  sealed  with  a  clear  silicone  watermepellarit, 

•  Concrete i               II          »f dirt,  wax, gi         in  h  ;!    ind  should  b    tcl 
with ai  mri  iti<    ■ ! '  olution    >impi  /      h     »n  * thi        i h  i 

Ikalis    ;  ■  11 I ■    >"'■• 

*  Gypsu  nbi     Isurfa       hould     r j    .  '<! \,  r     Iseala      prim     .    !  r to  avoid 

ising  the  fi  '       i,  .    '  5 . 

-  ' ( '  I- 1    idsti  I         •    ild  I      low     i       /thoroughly    id  I      »mpletel 

With  W  ilkaltrp/4ril?-tt(  rn;;rtlp.4 


I  eurrs,  and  foreign  matter. 
l,fl        leaning,  01  pii '  Hi  : 


jiab,  •  ';r'i        I     I      in  ill        i        i 


Inadditioi      -      -  j       ration  ling     uired.  other  conoid  rations 
in  the  selection  oi 

•  i  mpa1   ilil     i    .  tin     ithi  irfacetow!     Ml      ppiied 
-  Tla  mi   hoi  ■  !  ippli    !    a     >•  Iryin  i  n     q  ii  ■ 

•  Conditions,  i  i       dthi     quired resi      *    f.*  vatef  heat,  unli    I 
la  mp  raturevariai  i  nil .  •■    I    ni  n  dph       il abrasion 

•  Th  p!     ibleem  f  harm  ul  ■•  rganici  rnpounds 
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Professional  1  Trade  Associations 

Our  body  dimensions,  and  the  way  we  move  through  and 
perceive  space,  are  prime  determinants  of  the  scale, 
proportions,  and  spatial  layout  of  a  building.  It  should  be 
noted  that  there  is  a  difference  between  the  structural 
dimensions  of  our  bodies  and  those  dimensional  requirements 
that  result  from  how  we  reach  for  something  on  a  shelf,  sit 
down  at  a  table,  walk  down  a  stairway,  or  interact  with  other 
people,  These  functional  dimensions  will  vary  according  to  the 
nature  of  our  activity  and  the  social  situation. 

Caution  should  always  be  exercised  when  using  a  set  of 
dimensional  tables  or  illustrations  such  as  these,  These 
are  based  on  average  measurements,  which  may  have  to  be 
adjusted  to  satisfy  specific  user  needs,  Variations  from  the 
norm  will  always  exist  due  to  the  differences  between  men 
and  women,  among  various  age  and  racial  groups,  and  from 
one  individual  to  the  next, 


Forward  reach: 


Standing  height: 

5,-O"to6'-2"(1525to16d0) 

Standing  eye  level: 

4'-3"  to  5'-10"  (1420  to  1730) 


Desk  height: 

2'02H  to  2' #(660  to  70C 

Table  height: 

2'-5"  to  2'-7"(735  to  705 


Leg  clearance:  - 

2'-0"to2'-1"(610to635' 


Sitting  height: 

3'-10"  to  4l-&"  (1170  to  1420) 


Seat  depth: 

1,-3,,toi'4l'(330to405) 

Seat  height: 

1'-4"  to  V-6"  (405  to  4551 


Corridors  and  passageways 


2'-2"(6601         •  3M0"  (11701 


#(1725) 


7'-6"  (2205) 


The  Americans  with  Disabilities  Act  (ADA)  of  1990  is  civil  rights 

legislation th    ee     lishesAcces    ility     .  ,•    places 

of  publi<    . .  omrrii  iath      d    »mn    <    M    ilitii     p<    ted  by 

private  ei  Citi  <.  Related  legisiati  linclud      i 

Amendment   Actof19i     (FH     J,  whici         iii  es  Fair 

Hou  >i .-,.    c     ihilhi  .•!.*';  i,  ••' '       M     mil 

con  i    '[!<;  ■,  I  »u  o  mc     Iw  llin  uni      mdtheUnil  i 

t"  .    il  ility!  t,  n :   d\  (Ui    5), which     mlatea 

to  the  new  construction  and  alteration!      I  fed 

mos1     lei  j||\  funded)  r<        •,  as  well  as  ma    ■  ■ ,    rm    it 

activitie  >  thai    ceivi     \  i    '\     \  v  ance, 

Facilities  should  be,    ,-  sibleti    hos<     >nfin  M   .  wheelchair 
nd  thi  ambulatory 

•  Aecer  iibli  i  >u1    -con  >ist  of  walking  surfaces  with  a  maxi    n 

lopeoi !:!  0  n  irked  <  rossing    itv<  hii  larroa     iys,  clear 
floor spa<     taci      il  h  el  men   >,jcc       isles,  i  mps.i  urb 
ramps,  and  elevators, 

•  Floor-  urface:    In  uL    -  firm    .. '  i     nd  slips 

•  Avoid,,  hang  an  level    idl  euseol  stairs. 

•  User,  nip  only    i     nee ,     ry 

Facilities  ih  uldb«  u    itifi  bk  U  tma  blind, 

•  Use  rai  -<e  Iet1  ri  g  mdibh  warning     n       mdl      ired 
m    ( •       ind     ..    bait    ?r  ha    i    >u       n  n   . 


,-*  Can     i  •>        150)      imum  to 
ith     idean      "(631  ihigi 

"x*  Up  to  a  V4"  (6)  change  in 

level  may  be  vertical, 

•  Change  inles  I  from  Ve"  to  V2" 
(6  to  I3):  h  '  Id  I  beveled  with 
aslope  noi :  i      .1  than  1:2. 

*  Change:  nl  /  Igi  aterthan 
lf()    mu  tberai   ■> 

~-  '>'•  ' i   15)  1  lini  iui  ideal 
'it   h  for  j    ■  ag< 

^  60n      ■    min bar  width 

fortwowla  It  h  111  -to pass 


f     il  Dies  hould  be  usable, 

•  Circul  ti  >ns  >p       hould  bi  ideesia     1        ifortabl 
movement. 

•  Allpubli  i  cllitie:   ihoul  I  ha    fixti     .  e  igm  I ,    !« 
by  person;    ■•  hdi  iabilitii 


Fot  ADA  A      '  il  li  s  mid;  m  .fori      >   ■  ;  tin  '« 

orcompon.  1   -        h  following: 

•  Vehict        ding  1  29 

•  Doors:  3.05 

•  Poor  hardware:  3.17, 3.19, 3.20 

•  Thresholds:  321 

•  Windows:  3,22 

•  Stairs  a « ;  I  5,  ,'09 

•  Elevators:  9.16 

•  Kitchens:  9,22-9,25 

•  foilel    1  bathing  1  ciliti 

•  Carpeting:  10,21 


60"  (1525    linimumci  are, 
or,  i  !.l    )6i  ith  irms 

at  least  2      915)  vidi  and 
60"  (1!  !5)l    1  to  illowa 
wheelchair  to  turn 
50"  x  43"  (760  x  1220)  minimum 

floor  spao     amiri  I 
for  either  a   i  <  or  parallel 
approach  to  an  object 

1  ■    n  •«!  reach  height*    ! 
(1220)  for  reach  depths  up 
to  20"  (510);  maximum  reach 
height  of  44"  (1120)  for  reach 
depths  from  20"  to  25" 
(51i  to  6   ; 

54"  (1370)  maximum  and 
15"  (530)  m        1     le  reach 
above  the  floor 


(if/        l'l\m  Ifi  HH   |l.];!iifii|V     ;  V 


50"  (760) 
25"  (655) 
17"  (430) 


23"  (555) 


Armchairs 


I"  (755) 
>"(455) 


22"  (560) 
10"  (510) 

e  Choirs 


39"  (990) 


Beds 


15"  (3(30) 


25"  (635) 
32" (315) 


%  Queen  -  0'  (152!  ) 

•   King:  72".  76"  (13  0,1930) 


42"  (1065 
10"  (455) 

36" (915) 

qh  Chests 


liciiit  loDles 


-  50"  (760) 

Lounge  Chairs 


1220)     - 


i 

"'••■11     I 

1-5' 

w    bles 


r™™"*™    ~         * 

, 

|  i   1 

!   I 

i   i 

i   1 
j 

\ - ~— 

L 

-  45"  to  112" 
(1220  to  2545) 


jiooi 


29"  (735)  high 
iches 


20"  (510) 
60"  (1525) 
15J/6'(59S) 


Sofas 


«""""""*  .    ~Z3 

[    ^p**~~~~*^~-< 

29"(710to' 


56"  to  46"  (915  to  1220) 


40"  (1220)  or  longer 


L_. 


Dininq  Tables 


29"  (735) 


Conference  Tables 


30"  (1525) 
ft"  (455) 


-  56"  (915) 
^  30"  (760) 

Desks 

-  27"  (655) 

-*  26"  (710) 

-  56"  (915) 
Swivel  Choirs 


Creel 


enids 


-" 

/" 

j 

r ti 


^  29"  (755) 
-  W  (4551 


700) 


h—  15"  (455) 
^-  74"(1&ftO) 

^--  25"  (655) 


15"  (350)  letter  size 
10"  (455)  legal  size 


File  Cabinets 


All  dimensions  are  typical  Verily  with 
furniture  manufacturer, 
Furniture  may  serve  as  space-defining 
elements,  define  circulation  paths,  or 
be  built-in  or  set  as  objects  in  space. 
Selection  factors  include  function, 
comfort,  scale,  color,  and  style, 


§1 


Minimum  Uniformly  Distributed  Loads  (psf*) 
*1  psf  =  47,88  Pa 

«  [heat  i    vith  fixed  Si  rting  ..................  60 

•  AudH    iun     n  g  i    v  n    'abli      its .....  100 

•  Corridors  and  lobbies 100 

•  Stages .150 

Libraries 

•  Reading  rooms ..,,.,,,,.,,,.,...,,.,...,.,,,,  60 

•  Book  stocks,.,,.., 150 

Offices 

•  Office  spaces 50 

•  Lobbies .....100 

Residential  Facilities 

•  Private  dwellings......... .-.40 

•  Apartment  units,  hotel  rooms ,  40 

•  Public  rooms 100 

•  Corridors 60 

Schools 

•  Classrooms ..................................  40 

100 

Idewa      ••           i       ■    ...,..,,.,.....,..250 
ays,., 100 

Sto  ge  ''"'•■  hi 

•  Light,, ,,.,, .....125 

•  Heavy,,,. ...,.,,.,..........,.,,.,..250 

to     lurin    i   liti ,.,.,.,,, 125 

Stores 

•  Retail;  first  floor,,. .,..,.,,,100 

•  Upper  floors .75 

Roof  Loads 

,  li  ii  ni .         in  ludi      'i  ii<  loads  ,.,.  20 

.>.,,,,,......,.,..,,.,.....,..,..,.  100 

•  in  th<  desig  uiidii      he  assumed  \m     id     hi  uldbe 
!  ,    n    ,. ,'!  n      ecti      >  be  pri  Iuq  !   /thi  n1  n  I  -1    m 

or  activity.  In  soon  instan        i   h  r  vithj   ■  ing  i    ig    . 
concent!  tied  load     II        j  accedence. 

•  Aiwa;  ■■    i     •■      d     [ui        i1     ;ith  hi  I    ding  code. 


ftv  -   f«  Weigh!  of  Mote    lis  { 
*1  pcf  =  16  kg/m3 

Soil,  Sand  end  Grave! 

•  Cinder 45 

•  Clay,  damp..,.,,,,, ,,,.,.....,,.110 

•  Clay,  dry ,,,83 

Earth,  dry  an  Hi  i  se 76 

Earth, dint  I  ind packed,  ,.,,, 96 

Sand  aid  pvel  in  indl  •■  <    ... ,.,.105 

Sand  and  gravel,  wet ........................ .120 


Cedar,,., .,,..,..,., ,., ,.,,22 

Douglas  fir., , ,..,....,...,  52 

Hemlock 29 

Maple. , ,, ....,.,42 

Oak,  red,. ....,,.,., ,,,,.,,.,,,,,,.,.,,,41 

Oak, white 46 

Pine,  southern .,.,.,.,. 29 

!'■  I wood.. ,......,.,,,., ,,.,,,  28 


proa  • 


.27 


Metals 

•  Aluminum. ,,,,.,.,,..,.,,.......,.,...  165 

•  Brass,  red  ...... , .,.,,,.,.,,,,,,.,...,.  546 

•  EOfonze,  statuary ,  .509 

•  Copper ...,..............,,,,,,...,.. 

•  Iron, cast .450 

•  i     i    .,...,,.,.,...,,.,,...........   ■ 

•  Lead,.,.,. ,,,.,,,,,...,,........710 

•  Nickel.,.. ,,..,.,..,...,.,........,565 

•  Stairik  ■■    teel,,,,., ,,.,,.,., 510 

•  Steel,  rolled...,.,. ,,.,,,.,,,...,,490 

•  tin 459 

•  Zinc ,...,..., ,,.,,,,..,,,,,440 

Concrete 

•  Stone, plain ,.,,.,,144 

•  Stora  i   m,  irced..... .......................  150 

•  Cinder.,.,. ..,.100 

•  liglihw  ighl  .  pan L  I  shale , ,.  105 

•  Lightweight,  perlite, ,35-50 

Stone 

•  Granite...... ,.., ,,.,,,,175 

•  Limestone ,, ,.,...,,.,,.  185 

•  Marble ...,,, 165 

•  Sandstone.............. .,..,,..,.,..147 

•  Slate.,,,, , 175 

Wafer 

•  Maximun  density §4°c ..62 

•  Ice .,...,,,56 

•  Snow ., & 


psf  =  4 


Walls  ind  Partitions 

•  Brick  pei    '  I  0  ;  t  ckn<  >s  ..............  35 

•  Concreti  na  ionry  units 

w/stom  o    ,  '         ,    ;  i 

4I!(10Q)..,. ................................ .54 

6"(150). ....... ......... ....,...,.,,...50 

3"  (205). .......................513 

12"  (305).... , .,.....,.,,,,,.,,90 

w/lightv  i§h    k  re§ !  . 

4"(100) ,...,..,...,......,22 

6"  (150) .....51 

5"(205) , dd 

12"  (505) , .55 

e  Glass  block,  4"  (100)........... .....To 

•  Gypsum  board, V  "(51), .2 

•  Metal  lath ... , 0,5 

•  Meta    -i.  ■  ,;'  ■.  yp  umbo,    !.,,..,..,. ,6 

•  Plaster,  1"  (25) 

Cement  plaster , 10 

Gypsum  plaster.................... ......5 

•  Plywood  V2"(13). ........1.5 

•  Stone 

Granite,  4"  (100). ..59 

Limestone,  6"  (150) ...,..,,,..,..........,,..  55 

Marble,  1"  (25)... .,.,,.........,.,,...,.15 

Sandstone,  4"  (100)... .................. .....49 

Slates1"(25), ................................ .14 

•  Tile,  ceramic. ,  2.5 

Glazed  wall  tile......... .,,.5 

•  Tile,  structural  clay 

4,!(100). ................................. ...Ab 

6"  (150). .,25 

3"  (205).. ......,.....,,,,,.,.........54 

•  Wood  itud     '     s  i1  i 

gypsum  bo.  rd  on  both  Ues  .................... b 

Insulation 

•  ooattoi  \    a*  t  - .  'inch  ..................... 0.3 

•  Fiberboard .................2 

•  Foanii     ■    >     •«  rich....... ................ 0.2 

•  Loose,,......,.. .....,.,.....,..,.. 0,5 

•  ?o\m  I  i place................................. 2 

•  Rigid............. ............... .............0.0 


Floor  and  Roof  Construction 

•  Cons r,  i      inforced  p    in  hi  3) 

Stone , ,  .12.5 

Perlite .,., 6-10 

Concrete,  plain,  per  inch 
Stone........................................  12 

Lightweight. ................................  3-9 

•  Conci 

6"  (150)  hollow  core,  stone ,.......,. .40 

6"  (150)  hollow  core  lightweight. .............. 50 

2,r(5'lj1  indei    mcret   plank 15 

2"(51)ny,  sum  plank .,..,..,.,.,.,.......  12 

•  Steel  deck 2-4 

Roofing 

•  Built-up, 5-p!yfe   and  grave!..,.,.,,,,.., 6 

•  Copper ortin ..,,,.,...,.......  2 

•  nerom  i1  diron ,,,.......,,,.,.,  2 

s  Corrugated fil  repass.....,,. 0.5 

•  Monel  metal..................................  1.5 

•  Shingles 

Composition .................. o 

Slate...,,,.,. .........10 

Wood,,.,,.,...,.,,,,, ,,, ,,,,.,,,,,,,2 

•  Tile 

Concrete  ,...,.,... 16 

Clay,..,.,.,...,.,.,..., .14 

Ceilings 

•  '-,Mi!N       I  ll  3/4"(19),.. ......1 

•  Acou    c\  is1     >n  gypsum  lath ..............  10 

•  ( hann  (suspended      tern ..,,..,.....,....1 


oo  Fini  h 

•  Cement  finish,  1"  (25).. .........,..,.,,..  12 

•  Marble ..........................50 

•  TerrazzoJ"(25) 13 

•  Wood 

Hardwood  25/.32"  (20)...,., A 

Softwood  3/4"  (19), ,..,,.. ,4,5 

Wood  block 3" (75).. ......................... .15 

•  Vinyltk...... .......................... ...1.33 


a 

•  See  12.17 


it 


'  ft II  ¥  [  i  C I  ft  M 


Factor 

Multiples 

Prefixes 

Symbols 

Thousand  million 

109 

<  <  ■ |  i 

G 

One  million 

106 

Mep 

M 

One  thousand 

Kf> 

Kilo 

k 

One  hundred 

\(f 

Hecto 

h 

Ten 

10 

Deca 

da 

One-tenth 

\QA 

Deei 

d 

One-hundredth 

10"2 
10"'' 

Cent! 
Milli 

c 

One-thousandth 

m 

One-millionth 

10-6 

Micro 

Li 

Thelntert  itional  >\      m  I  Inits(SI)  n   -   omm  nly  known 
as  she  m.  tri    ■>/*  i  n  i . an  i  it  n  ition  I1-    ccepti  !  ■  -  >1  i 
of  coherent  phy  t   (unit:    isi  jth  metei   ji  im  second, 
im    re   eh/in  an  h  ind  i  la    hi  basic i  nil  -  •    hi  fund  imentai 
quantities  of  length    i   ••   time,  lectrici  in  n    temperature, 
andluminou  if    ;  Tl      hemetrii     -       lisurm      illy  used  in 
science  and  mandatory  for  use  in  a  largi  ,    ibei  of  countries, 

-•   the  meter  i  th  b  si  un  is  of  I  nqthi  i  '    m  trt    \  tern 
equivalei    -  ■'•' a  On  hi    Itw      •  <  !;  illy  .    n<  I  is  one 
ten-millionth  fthedi     nci    om  the  <  qu  i1  i  to  the  pole 
measured  on  th<  rn«  ridiamlatera    h    i     m    I  tweentwo 
lines  on  a  pi    n  i  i  iri  tab    pi     n/edatl     Intei    itii l 
Bureau  ol   '< ,  hi  -  indl  I     ui     neai    iri    i  id  now  as 
/  ■   ■        ci  ihi  .,!■  i  inci  lighl   i  iv     n   m  uuminone 
second, 

*  Am  ntin   I    i    qu  il     '      ;.«;•,.,     , « !     i  »7 inch. 
The  C'  nt   ie1  ri  nol  'ecori  m<  i    d  for  use  in  coi 

-  A  millimeter  is  equal  t  /      thofa     tei    r  0.05937  inch, 

-  t  foot,  IMded     .'  I   ■    hi     <  .  qi  i)  I  lillirm  U  r: 


MeosureiTient 

Imperial  Unit 

Metric  Unit 

Symbol 

Conversion  Factor 

Length 

mile 

kilometer 

km 

1m       I.609I 

yard 

meter 

m 

1  yard -0,9144  m  =  914,4  mm 

tool; 

is  •  i 

rn 

ifoo                 ■   -      -    mm 

millimeter 

mm 

1  foot  =  504, &  mm 

inch 

millimeter 

mm 

1  inch  =  25.4  mm 

Areo 

square  mile 

qkilom  i( , 

km2 

Isq  mile  =  2,590  km'' 

hectare 

ha 

1  sq  mile  =  259,0  ha  (1  ha  =  WWO  m) 

a  en 

hectare 

ha 

1acre  =  0,4047 'ha 

•qu  ire  meter 

nt 

1  acre  =  4046,9  nr 

square  yard 

square  meter 

nt 

1  sqyard  =  0,6561  lit' 

square  foot 

square  meter 

nt 

Isq  foot-  0,0929  rrO 

sqcenlim,'  t<  r 

cm" 

Isqfoot-  929,03  cm" 

square  inch 

•  {■  ntimeter 

mf' 

1  sq  inch  =  6,452  cm" 

Volume 

cubic  yard 

cubic  meter 

rrt 

leu  yard  =  0,7646  nt 

cubic  foot 

cubic  meter 

rrs' 

]  m  foot  =  0, 02552  m5 

liter 

liter 

1  cli  foot  -  20.32  liters  (1000  liters  - 1  rtr5) 

cubic  decimeter 

ant 

1  en  foot  =  26.32  dm5  (1  liter  =  1  dm5) 

cubic  inch 

cubic  millimeter 

mm3 

1  cu  inch  =  16390  mm^ 

cubic  centimeter 

crrt 

1  cu  inch  =  16,59  crop 

milliliter 

ml 

1  cu  inch  =  16.59  ml 

liter 

liter 

1  cu  inch  =  0.0]&d9  liter 

Measurement 

Imperial  Unit 

Metric  Unit 

Symbol 

Conversion  Factor 

Mass 

ton 

kilogram 

kg 

1  ton  =  1016.05  kg 

kip  (1000  lb) 

metric  ton  (1000  kg) 

kg 

1  kip -455,59  kg 

pound 

kilogram 

kg 

lib  =  0,4536  kg 

ounce 

QpXO 

0 

1oz  =  25,55  g 

per  length 

pound/If 

kilogram/meter 

kg/m 

1plf  =  1,455  kg/m 

per  area 

pound/sf 

kilogram/meter2 

kg/m2 

Ipsf- 4,552  kg/m2 

Mass  density 

pound/cu  ft 

kilogram/meter3 

kg/m5 

1pcf  =  16016  kg/m3 

Capacity 

quart 

liter 

liter 

1  $  =  1,137  liter 

pint 

liter 

liter 

Ipt- 0.565  liter 

fluid  ounce 

cubic  centimeter 

cm5 

1floz  =  25,413  cm3 

Force 

pound 

Newton 

N 

1  lb  =  4.45a  N 

1N  =  kgm/52 

per  length 

pound/If 

Newton/meter 

N/m 

1  plf  =  14.594  N/m 

Pressure 

pound/sf 

Pascal 

fa 

1psf= 47.55  Pa 
1  Pa  =  N/m2 

pound/sqin 

kiloPascal 

kPa 

1psi  =  6.594  kPa 

Moment 

foot-pound 

Newton-meter 

Nm 

1  ft-lb  =  1.356  Nm 

Mass 

pound-feet 

kilogram-meter 

kgm 

1lb-ft  =  0,135  kgm 

Inertia 

pound-feet2 

kilogram- meter2 

kgm2 

1  lb*  =  0.042  kgm3 

Velocity 

miles/hour 

kilometer/hour 

km/h 

1mph  =  1.609  km/h 

feet/minute 

meter/minute 

m/min 

1  fpm  -  0.3405  m/min 

feet/second 

meter /second 

m/s 

1fps  =  0,3405  m/s 

Volume  rate  of  flow 

eu  ft/minute 

liter/second 

fiter/s 

1ft5/min- 0,4791  liter/s 

en  ft/second 

meter/second 

m?7s 

1ft3/sec  =  0.02532  m3/s 

cu  in/second 

miililiter/second 

ml/5 

1in3/sec  =  16,59  ml/s 

Temperature 

'Fahrenheit 

degree  Celsius 

°c 

t'C  =  5/9(t°F-32) 

"Fahrenheit 

degree  Celsius 

°c 

1T  =  0.5556  X 

Heat 

Firitish  thermal  unit  (Btu) 

joule 

J 

15tu-1055J 

kilojoule 

kj 

1f)tu  =  1,055  kj 

flow 

5tu/hour 

watt 

W 

13tu/hr  =  0,2931  w 

conductance 

5tu*in/sf*hmrJegF 

watt/meter  sdegC 

w/m2  BC 

15tu/ftz4iKF  =  5.675  w/m2-°C 

resistance 

ft2#degF/t)tu 

meter2  'degK/W 

m2°C/W 

1ftx-h-°F/&tu==  0,176  m2«°C/W 

refrigeration 

ton 

watt 

W 

1  ton  =  3519  W 

Power 

horsepower 

watt 

w 

1hp  =  745,7  W 

kilowatt 

kW 

1hp  =  0,7457  kW 

Light 

ca  ndela 

ca  ndela 

cd 

Basic  51  unit  of  luminous  intensity 

lux 

lumen 

lumen 

Im 

1 1m  =  cd  steradian 

illuminance 

footcandie 

lux 

Ix 

1 FC  =  10,76  Ix 

iumen/sf 

lux 

ix 

1lm/ft2- 10.76  lux 

luminance 

footlambert 

candela/meter2 

cd/m2 

1  f  L  =  3,426  cd/m2 

<V=  ]ixy.  /a:;  ^apo;  '-. 


f     J 

!      : 

-,'  '.-;    'S        < 

j 

I 

Gccupai    !      is  1     U    ilnumbei  A  •■•  i  on:    h  t 

may  occupy  i  lildit  j<  p  '  i  l!i  th<  reel  il  anyone 
time, detc  mi  ledbydi  iding  thi  flooi  meaassi  sued 
toaparticul,  t  u:  b\  hi  quai  f&  I  pei  oc<  upant 
permitted  in  th  i1  u  .,  Build  i  g<  >d<  i  occupant 
load  to  <  <i  ibli:  h the i  |u  ed\  ">  -'I  ■  i  m.  /idtl  » I 
exits foi  il  uiidiri 


f3uilding  codes  specify: 

•  I  he  lit .  i  •  ntanco  itin  j  >.>;  materia!  >  ind  on  truction 
required  for  i  building,  depending  on  its  location,  use  and 
.^.'pmi  ',  and  size  (height  and  area  per  floor);  ee2,06  2,07 

•  The  fire  C  rm,  .|  rinkl  t  an  lothet  prol    tion  ysten 
required  for  certain  m  e  >  and  occupancies;  see  11,25, 

•  The  required  means  of  egn    >foi  the  occupants  of  a  building 
in  case  of  a  fire,  A  means  of  egress  must  provide  safe  and 
adequateaci       from  any  point  in  a  building   prol  ctedexits 
leadingto   pla  :ofr<  jgi   fhei    o   thi  <    >mp<  nentsto/an 

t  S'V    systei  i:i  si   c<  sss  :xi1  ,  ind  xi1  di  m  I  u  je, 

:!,     requirerm  nl  -  ••>  in    ndedtoco!  trolthf  spn  ido  Pin 
nd  Do    I- .-  i  uffi  en1  tim<  foi  th<  o<  upanl   <  faburnim  building 
toexi    >afel  bi  i  n  thi    tructt  n  w  ,'<  >!  toth<    ctenl  thai 
il  becomes  la  igerou  ■  <  onsull  thebuildin  i  code  for:  pe<  ific 

requirements. 


Exit  Access 

;,!  path  >i  pa  -  >agei  iyi<  idii  g  o  in?  ;i    -h  uldb<    •  dir  etas 

po  ■  bl<  bi  un  b  >trtn  ti  Ibyj  rojei  h  >ns  m  ha  ■  pen  doors,  and 

be  well  lit, 

-*  i    L  ,n,,     I  '    j. ,    ?them  iximun  di  1  n<    o1  ti  ivel  to 
an  exit,      >i  iin  j  ti     buil  ling':  use,  oc<  uj    ti  y,  ind  degree 

Oi  fin   h    •   :;',! 

-  ;  sibling    desal         ■  m,  thi  minimum  di    in.  ebefr   en 
ii  -  wl  ntwoorm  i  quired  in  Hi  ii1  th  iengtl 

«,  di  id-i  n        idi       os  rno  .1   -  ■  up,  n<  i  >,  t  minimum 
of  two  exit;  i  requii  d  to  pn  "if  imarginoi  mo  ty  in 
■  i    om     itisbloc!  d 

*  I  it  patl    ii  >•■<    gre  -  ft  >m;  ''in!  ling  houl  H  j 
illuminated  I  /en  rgen  ylig!  tingii    ii.  event  of  a 
power  failure, 

*  !  il     hoi  I   b    '■   rl  •  t  nti  iedbyiilut  linal    I  ?ign  - 


A  horizontal  exi'1  is  i  passage  through  oi  iroundawall 
constructed      <  mi    Iforanoccupam         ;  I  'i 
protected  by  an  automatic    losing  fii   dooi   indieading 
1    in  ireaofi    ugeii  tl  ;  >a  m  building  iron  i  pi  mm,  U  I 
thesamr  I  velin  n  idj "  mi.  building, 
An  area  of  refuge  affords  safety  from  fire  or  smoke 
coming  from  the  area  from  which  escape  is  made, 


Exits 

An  exit  mi     provid 

evacuation  for  the  occupants  of  a  building  in  the  event  of  fire, 

leading  from  an        ocesstoai 

floor  room  or  corridor,  it  may  simply  be  a  door  opening  directly  to 

the  outside.  From  a  room  or  space  above  or  below  grade,  a  required 

exitusuall  cons         a\     '•     m 


JW 


J 


%  Exit  corridors  mi       <       <  ,        fire      ; 

construction  in  order  to  serve  as  required  exits, 
•-  Exit  sta         lead  to  an  exit  p        i         n  exit  court,  o\ 

j  '   'lie  i    ./      Ii  ':    6  ;       ;,  :     i  iCtiOH 

selfclo  *in     i      w,     i    ;    ii    in    i    irectii    oi    (it travel. 
:,  )      ».05  for  si  lin       imension    in    .     ii   n    • 
-*  Exitdooi    >i  vidi  e :     >stoameansofe$res\     vingii    inti 

din  'i    it  travel     i  *"  i  ily    r  'ith    |    iii 

-  Smokepi    fei  ;tl  '  •    fan    i    tat  way  by 

rails  of  fire^esi  instruction        ssibt 

n  open  (        ■  [   !< .  .     (id  ventilated  I     i     iral 
mechanic    means  to  lirai        p    *i     '      fsmo     sn.ol  h 
I  uild  igcod       i     yi  quii      leormoi     '•  ■  >.      it 51  'is 'ays 
for  a  high  isebuildin        rotectedl         i<      i      .  riclosure, 
-*  An exteri    exit bailcon        Ian  lira  o\    »rch      |e<  •     i  omthe 
•  silo   !' « ;i  lin  |  arii     rvin<        required  means  of  et 


I%h, 


irge 

jstdisch  trg<  to  a  safe  pi         refta      itsid  of  the 
eh  as  an  exit  court  or  public  way  at  ground  level, 

rt  is  a  yard  or  court  providing  egress  to  a  public 
me  i ,  n<  ;      u     I 

exi'1  isanexitdoo        ii  :    ;ourt 


Public  way  Is  a  street,  alley,  or  similar  parcel  of  land  open  to 
the  sky  and  '     ,  ,       i      L  or  ol       isepen 
appropriated  for  the  free  passage  and  use  of  the  general  public. 
Exit  pas 

or  exit  court  with  a  public  way,  having  no  openings  other  than 
required  exits  and  enclosed  by  fire-resistive  construction  as 
required  for  tl  :  i,  \  served. 


NST 


/-*  1" (25)  i'" gue<   \w  >    flooring*  r 

'/  "(15)  ply  - <  ;   n ,  wood  pi  mks 

at  least  3"  (75)  thick 
^j  6)  -    nini  !  1 1 1.''1'!  X  i   i  in 

4x6  minimum  for  roof  beams  and 

truss  members 
^  9t£  mini  ni  n  foi   olun  m    uj  porting 

f|  >oi  "'.i     - 1 minimi  ml      Hut  n 
— STTjppn.   ,;,  m    rooft    i 
*  Wood  tn  /bech  mk  illy  treated 

toreduci      fl  mm  ibility 


-  -  .■     .;         lion    *  Seel  08 


!'  .si'  >rced    nci 

fhicknessofthecf     rel      ■ .  i  is 
size  of  tin     «  I  member  di  termine 
the  fire  rating 


Clay  or  sh       i     with  bri* ! 
and  mortar  fill 
lildin     ■  •       hreal  pond 


Fire-rated  materia     i   >embli<     md  construction  have  a  fire- 
resistance  atingrequii  dbyth  ii  ise;   fhisfin  resistance  rating  is 

,  I  rmi  led  by  ubj<  tin : >      ipei  n    i  o     np*  i  tun     i  coi  ling 

to  a  standard  time-temperature  curve  and  establishing  the  length  of 
time  in  hours  the  material  >i  assembly  ;anb(  expected  to  withstand 
expi   ui    to  fir  without  a  II  ip  ing  d<  s  li  ping  n  ;opi  ni  igs  h  rl  p<  n  n'1 
I  k  p  ssageol f!  n  eorhotgase;     n  «  ,  lin  |  ispi  ifi  d  temperature 
on  the  side  ai  ty  from  the  fire,  Firemesi  i  nt<  n  tructi  n  therefore 
invol      both i   lucingtl    fiai  ma  ilityofamati    ilanda  ntrolli  igthi 
spread  of  fire. 

Materi     used  to  pt     lefireprotei     n  must  be  i  ifl  ii  i    bli  ii 
be  able  to  i  h  •:  in  lv  i   higl     mp  ratun     /ithoutdisi  i1    r  itin  | 

They  shdii  |  ilsobi  loi  conductor:  of  hi   t  to  insulate  th  protected 
material    romthel    -   jeneratedfy     in    >u  hmal  i   Is  include 
!■!  n  I  ,ofti  nwitl  lightw  ighl  1 1  jregat*  gyp  umi  i  \   i  lii  ulite 
plasl      )      im     i boa i     ind    /ariety  of  mineral  fiber  pn   ui 

On  this  and  thefacing)    jei    i    mplingol  fin     s  :  nc<  ratings  for 
•.  ',■!,  u  constructioi  is  -  ml  Id     For  mo       taib    pe«  ifi     \o  • 
•  n  nil  the  Urn     vi        Laboratories,  Inc.  Ma    rials  List,  ot  the 
loven     i  building  cod  lso2,06i         bleofl     fi  tana 

rating  rei  i     nen        majo     iidii     i  nponents, 


Multiples  layers  of  gypsurn  board,  or 
perlite  or  vetanicuiite  gypsum  plaster 
on  metal  fi      •  urn  lath 


rii      i     ii 


3-72"  (90)        1-hour  rating 


s  Spra '   »   •        ■  a  a     !i  i  tureof 
gypsum  pi    tei   nil     il  fibers  with 
arum  rgan        '  i  .    i  i  ignesium 
chl    d        en    i  plied  by  air 
i       i.    with  a  6  'i  ygi  ii 
thermal  I    riertotla  hi  i  of  a  fire, 

--  Liquid  ill  d     u  nn    ire  hollow 
■  ru  tural     -.1  o  imi    I II   I 
with  cm),,  ti  1 1'  i,  i  ,  ilh  ir  fire 
.   !  I  m. ,     expo     :  to  flame, 
the  water  r  >mw  h<  it  riSi  sby 
convection  i, -ni     «    he  heat,  and 
i  repl    -  k  hcoolei   sit<   from  a 
rtorage i  ml  ot    citywatei  tn  in 


-  Solid  brick  masonry 

r  #"(205)  4-hour  rating 

j  6"  (150)  2-hour  rating 

t  4"  (100)  1-hour  rating 


brick  cavity  wall 

10,:(255)         4-hour  rating 


Concrete  masonry  wall 
3,!(205)  2  to  4-hour  rating 

6"  (150)  1-'/2  hour  rating 

4"  (1000  1-hour  rating 


Structural  Steel 

•  Because  tructural   f<'  l<   nl     'eaken<    ?y  the  high  U  iperaturesof 
afire  it    t   in    protection!   qu  lit  fore*     iin    m    -     om  tn       i 


I  ii  on  "  fi  i1 
-  Ratings  of  all  masonr    /all  maybeinc    isedwitha 
coating  of ;  ortl  indcerm  ni     gyj   urn  plaster. 


"Hour  Rating 


2-Hour  ioiinci 


Double  mod  floor 
Wood  joists  @  16!1  (405)  o,c, 
V2"  (1 3)  Ty  j       |     i",  1  board 
or5/a"  (16)  gypsum  pi 
illath 


Fire-resistant  roofing 
ov<  i  woo    (I      isulati 
board  and  Pi?"  (55)  steel 
roof  deck 

■  I  joisl  i 
3/4l!(19),;,  ?  u  n  lasteron 
i  leal  lath 

2"{51)r<  in1  >i   ;d  concrete 
lab  on       I  form  unh 

Steel  joists 
/  "(1   )  fyp<  ;  gv    un 

!  0  rdoi  perliti  pi  il 

•%"(10)p  i    i    ed  gypsum- 
lath  attached  to3// (19) 
1    1   led  eh    net; 

mil  1  I  *  \m   bui    ith 
2J/2l!(64)sfaband3/4"(19) 
vermiculii.  gyps  1 1  ipi  i  i  :i 
on  metal  lath 


'     75)sial 

in  (  -     con  n  I   |i :-  - 
I"  I  5)     mis  uli    gyp   in 

plaster  on  metal  lath 
attached  to3// (19) 
cobl  rolled  i  hannelsl    " 
(505)  o.c. 

I-V2"  (35)  sand-gravel 

concrete  topping 
13"  (20:  )pi     151  concrete 
1  •      'all  joints  f      :d 


-Hour  Ratine 


metal  latl    rti    I  iv  rs  72 

(lco)regulai  lypsum  board  or 
/a"  (18)  Typi      |yj  »un  ■     d 

on  each  side 

2-V2"  (64)  steel  studs 
#  16"  (405)  ox. 

5/e"(10)g   •  ;:     -;  stertm 
netall    ;  ■     /a"  (16)  fypf  . 
gypsum  I    irdi  n  each  side 


2"  (51)  solid  gypsum  plaster 
partition  with3// (19) 
channel    md     '  10)  iypsu  ■ 
lath 


2-Hour  Rating 


-  2x4  stud  I    i"(405)o.c. 

-  /  "(  "'>,  s    ood-fiben 
gyp;  im  plaster  0!  netallal 
or  two  layers  5/c"  (16)  Type  X 
gypsum  board  on  each  side 

-  5teelstud5#16"or24" 
(405or610)o,c, 

-*  yd"  (19)  perlite  gypsum 
pi  isten     ' '  (10)perfoi  i  sd 
jypsumb  h,  •     0  lay  n 
llf  (15)  Type  X  gypsum  board 

\\5U 

~*  2"  (51)  •  >li  I  gyp  i    pi    tei 
I    i   ion  »i  •  "        ,'    %  ■  un 

board       u  1  t  off  |    a 
v  iu  ncoi  boai 


4-Hour  Rating 
Floors  and  Roofs 


6-72''  (T<  E      sulai 
0     -     •  '2-     hali 

concrete  slab 


Is 


CS1  j        :ormo        0  01      3  and  Smi     • 


Acoustics  is  the  branch  of  physics  th;     b  Is  wit    the  pi  Auction. 
control,  1 1  risn     ion,  re?  ption  md  effect  o\  ound.  Sound  may 
be  defined  as  the  sensation  stimulated  in  the  <  rgat  >o1  hearing  by 
i  :i  h  nicah  idi  ml  energ;    i  m  mitt  I  r  longi  ud  n,  I  pi  '  sure 
wa  es  through  thi  li  o\  other  medium, 


Equal  lorn  •  <  ntout  is  a  curve 
repn  .  nl  ng th  i  un  I  pre  sure 
level  at  wh  I  oundsi  f  different 
frequeni  ies  •■ ,  by  i  croup 
«'i  listenei      ,[ .    qu  illy  loud 


keoff  -f 

h under 
1 

| 

Symphony  orchestra 
Power  saw         1 


emotr 


15,7 
L_ 


62, 


250 


1000  4000 


I    oo 


.,0% 
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20,0001!  ludibleti  h  normal  hum  i  ear.  Hertz  (Hz)  is 
thi  SI  un    ,    '     uency,  equal  to  one  cycle  p<        ond 


Doppler  effect  is  an  apparenl    hift  in  frequency  ■■    im'ngwhen 
an  icou "    •  >ui  eandiisl  n     m  in  m  tion  elativ  to  each 
othei  id  I     ui  ni  /incn  i  Ing  vhen  thi    .  urcf  md  i  i    tei 
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Acoustical  design  is  the  planning,  shaping, 
finishing,  and  furnishing  of  an  enclosed  space  to 
establish  the  acoustical  environment  necessary 
for  distinct  hearing  of  speech  or  musical  sounds, 


Image  of  source 


Reflecting  surfaces  are  nonabsorptlve 
surfaces  from  which  incident  sound  is 
reflected,  used  to  redirect  sound  in  a 
space,  To  be  effective,  a  reflecting  surface 
should  have  a  least  dimension  equal  to  or 
greater  than  the  wavelength  of  the  lowest 
frequency  of  the  sound  being  reflected. 


)iirc 


Diffracted  sound  is  airborne  sound 
waves  bent  by  diffraction  around 
an  obstacle  in  their  path. 
Reflected  sound  is  the  return  of 
unabsorbed  airborne  sound  after 
striking  a  surface,  at  an  angle 
equal  to  the  angie  of  incidence. 


mrborne  sound  travels  directly  from 
a  source  to  the  listener,  In  a  room,  the 
human  ear  always  hoars  direct  sound 
before  it  hears  reflected  sound.  As  direct 
sound  loses  intensity,,  the  importance  of 
reflected  sound  increases, 


energy  or  pressure  per  unit- 
area  of  a  sound  wave,  occurring 
as  the  distance  from  the 
source  increases  as  a  result 
of  absorption,  scattering,  or 
spreading  in  three  dimensions. 


Reverberation  is  the  persistence  of  a  sound 
within  an  enclosed  space,  caused  by  multiple 
reflection  of  the  sound  after  Its  source  has 
stopped,  Reverberation  time  is  the  time  in 
seconds  required  for  a  sound  made  in  an 
enclosed  space  to  diminish  by  60  do). 
Resonance  is  the  intensification  and  prolongation 
of  sound  produced  by  sympathetic  vibration,  the 
vibration  induced  in  one  body  by  the  vibrations  of 
exactly  the  same  period  in  a  neighboring  body. 


Echoes  are  the  repetitions  of  a  sound 
produced  by  the  reflection  of  sound  waves  from 
an  obstructing  surface,  bud  enough  and  received 
late  enough  to  be  perceived  as  distinct  from  the 
source:  echoes  may  occur  when  parallel  surfaces 
are  more  than  601  (If)  m)  apart. 
Flutter  is  a  rapid  succession  of  echoes  caused 
by  the  reflection  of  sound  waves  back  and  forth 
between  two  parallel  surfaces,  with  sufficient 
time  between  each  reflection  to  cause  the 
listener  to  be  aware  of  separate,  discrete  signals. 


Focusing  is  the  convergence  of  sound  waves 
reflected  from  a  concave  surface. 
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The  Construction  Specifications  Institute  (C5I)  created 
MasterFormdm  to  standardize  information  about  construction 
requirements,  products,  and  activities,  and  facilitate 
communication  among  architects,  contractors,  specifiers, 
and  suppliers,  MasUrFormatm  is  the  most  widely  adopted 
specification-writing  standard  for  commercial  design  and 
construction  projects  in  North  America, 

Along  with  her  sister  organization,  Construction  Specifications 
CmadB  (CSC),  CSI  issued  a  new  edition  of  MasterFormat™  in 
2004  that  adopted  a  six-digit  numbering  scheme  to  provide  more 
flexibility  and  room  for  expansion  than  the  five-digit  numbers  of  the 
1995  edition  could  provide,  The  2004  edition  also  increased  from 
16  to  50  divisions  to  reflect  innovations  in  and  growing  complexity 
of  the  construction  industry,  such  as  Building  Information 
Modeling  (EMM),  life-cycle  costing,  and  issues  of  pollution, 
remediation,  and  maintenance, 

MasterFormat™  2004  Edition  organizes  a  master  list  of 
section  numbers  and  subject  titles  into  two  major  groups;  the 
Procurement  and  Contracting  Requirements  Group  (Division  00) 
and  the  Specifications  Group,  which  is  further  subdivided  into  five 
subgroups: 

•  General  Requirements  Subgroup;  Division  01 

•  Facility  Construction  Subgroup:  Divisions  02  through  19 

•  Facility  Services  Subgroup:  Divisions  20  through  29 

»  Site  and  Infrastructure  Subgroup:  Divisions  50  through  59 

•  Process  Equipment  Subgroup:  Divisions  40  through  49 

There  are  a  total  of  50  level-one  titles  or  divisions,  some  of 
which  are  held  in  reserve  for  future  use,  Each  division  consists 
of  sections  defined  by  a  number  and  title  and  arranged  in  levels 
depending  on  their  breadth  and  depth  of  coverage. 

SPECIFICATIONS  GROUP 

Facility  Construction  Subgroup 
DIVISION  04  -  MASONRY 

■• •  The  first  pair  of  digits  represents  the  division 

or  level  one, 

■•■•■■■■•■• *  The  second  pair  of  digits  represents  level  two, 

•■  ■•■■•■■•• •■*  The  third  pair  of  digits  represents  level  three. 

04  21  13.13  Brick  Veneer  Masonry 

L- ■•■•■■■*  When  detail  merits  an  additional  level  of 

classification,  an  additional  pair  of  digits  is 
attached  to  the  endt  preceded  by  a  dot 


PROCUREMEI 


DIVISION  00  -  PROCUREMENT  AND  CONTRACTING 

REQUIREMENTS 

00 10  00  Solicitation 

00  20  00  Instructions  for  Procurement 

00  50  00  Available  Information 

00  40  00  Procurement  Forms  and  Supplements 

00  50  00  Contracting  Forms  and  Supplements 

00  60  00  Project  Forms 

00 10  00  Conditions  of  the  Contract 

00  W  00  Unassigned 

00  90  00  Revisions,  Clarifications,,  and  Modifications 

SPECIFICATIONS  GROUP 

General  Requirements  Subgroup 

DIVISION  01 -GENERAL  REQUIREMENTS 

01 00  00  General  Requirements 

01 10  00  Summary 

01 20  00  Price  and  Payment  Procedures 

01 50  00  Administrative  Requirements 

01 40  00  Quality  Requirements 

01 50  00  Temporary  Facilities  and  Controls 

01 60  00  Product  Requirements 

01 70  00  Execution  and  Closeout  Requirements 

01 5000  Performance  Requirements 

01 90  00  Fife  Cycle  Activities 

Facility  Construction  Subgroup 

DIVISION  02  -  EXISTING  CONDITIONS 

02  00  00  Existing  Conditions 

02 10  00  Unassigned 

02  20  00  Assessment 

02  30  00  Subsurface  Investigation 

02  40  00  Demolition  and  Structure  Moving 

02  50  00  Site  Remediation 

02  60  00  Contaminated  Site  Material  Removal 

02  70  00  Water  Remediation 

025000  Facility  Remediation 

02  90  00  Unassigned 

DIVISION  03  -  CONCRETE 

05  00  00  Concrete 

05 10  00  Concrete  Forming  and  Accessories 

05  20  00  Concrete  Reinforcing 

05  50  00  Castan-Place  Concrete 

05  40  00  Precast  Concrete 

05  50  00  Cast  Decks  and  Underpayment 

05  60  00  Grouting 

05  70  00  Mass  Concrete 


01  dOOOConc\  1   ( utting  md Boring 

03  90  00  Unsigned 

DIVISION  04  -  MASONRY 

04  00  00  Masonry 
04 10  00  Unaligned 
04  20  00  Unit  Masonry 
04  50  00  Unassigned 
0440  00  Stone  Assemblies 
0450001    frai        Masonry 
0460mm.  >rro  on  Resisl  mt Masonry 
04700(  1 1  nul  icturedMa  mnry 

04  60  00  Unassigned 
0490  00  Unasserted 

DIVISION  05  -  METALS 

05  00  00  Metals 

051000:  mm;  ui  i  Mi  ta!  Fi  ming 

05  20  00  Metal  Joists 

05  50  00  Metal  Decking 

05 40 00 ( -,; ;  I  >i  >      Malta  ruing 

0  >50   i  I  Ie1  ill  ibrii   I    n 

05  60  00  Unassigned 

05  70  00  Decorative  Metal 

05  SO  00  Unassigned 

05  90  CO  Unassigned 

DIVISION  06 -WOOD,,  a,  0        !>   OMPOSITES 

06  00  00  'Wood,  Plastics,  and  Composites 
O01O0'S      h    irpentra. 

08  20  00  Fin        irpentry 
06  30  00  Unaligned 

06  40  00  Architectural  Woodwork 
06  50  00  Structural  Plastics 
06  60  00  Plas  4t  :  il  ri  itions 
0670 (»"'  I       uralComposi 
0)6 60mm ■":•;..,'.   i«   i  ibrication . 

06  90  OO  Unassigned 

DIVISION  07  -  THERMAL  AND  MOISTURE 

PROTECTION 

07000'  [hernial  and    .    Cure  I  rotection 

0710001  in  p|  <  i  fin    ii  IV  -  rp  ot  fin  ■ 

07  20  00  Thermal  Protection 
07  25  00  Weather  Barriers 
07 '50  00  4eep    opeRo*  fing 
0740001   ofing     I!    ling  Panel 
07  50  On  El    ibt  ne  Roofing 
07600  >Fla  hing  ind  'licet  Mi  1 1\ 
0770  00  Roof  and  Wall  Specialties  and 
Accessories 


/]  '60001  in  ind  >mok(  !  r<  t<    ioi 

07  90  00  Joint  Protection 

DIVISION  08 -OPENINGS 
06  00  00  Openings 
Ob  10  00  Doors  and  Frames 
Ob  20  00  Unassigned 
0650mm,  pea  iaita,  I  oos    ind  I  lames 
■    F0  00  Entrances,  Stor  Fr<  nts,     i(  url  tin 
Walls 

06  50  00  Windows 
06  60  00  Roof  Windows  and  Skylights 
06  70  00  Hardware 
06  60  00  Glazing 
06  90  00  Louvers  and  Vents 

DIVISION  09  -  FINISHES 
09  00  00  Finishes 
09 10  00  Unassigncd 
09  20  00  PI  istei  ind  •-  urn  Board 
09  30  00  Tiling 
09  40  00  Unassigned 
•95000i    Ii 
09  60  00  Flooring 
09  70  00  Wall  Finishes 
09  bO  00  Acoustic  Treatment 
09  90  00  Painting  and  Coating 


0     SPECIALTH 
10  00  00  Specialties 
10 10  0m  I      1 1 11    nl  pn  nlties 
10    ]      In     orSpecialtii 
10  50  00  Fin  lace:  md  Stoves 
10  40  00  Safi  l;,  >pecialties 
Ii    i0i  »0S  oi  ig<  Spoi  i  iltm  > 
10  60  00  Unassigned 

1  i..  ■  pf  -  Iti 
10  60  00  Other  Specialties 
10  90  00  Unassigned 


1-EQUIPMEN1 
11 00  00  i  q  lipm  n 

111000V  hii  i    md  ede    ri  in    |  lipnn  nl 
11 15  00:     ui      D     rtioi    idBanl    ] 
Equipment 

11 20  00  Commercial  Equipment 
1150001  sidentL  il  quipment 
11 40  00 1  (  -i  ii  rvice  i  quipment 
11  50  Oi  I  ducati  wal  mv  Scientifii  i  quipment 
II 60  00  Enter!  linrm  n  I  q  iipm<  nl 
11 65  00  Atblel  ic  ems  i  lee  reational  Equipment 


11 70  OC  Flealthcan  Equipment 

11 60  00  Collection  and  Disposal  Equipment 
11 90  00  Othi  i  •  quipment 

DIVISION  12- FURNISHINGS 

12  00  00  Furnishings 

12 10  00  Art 

12  20  00  Window  Treatments 

12  30  00  Casework 

124000.  mill  .hing  -an !  \  cessories 

12  50  00  Furniture 

12  60  00  Multiple  Seating 

12  70  00  Unassigned 

12  60  00  Unassigned 

12  90  00  Other  Furnishings 

DIVISION  13 -SPECIAL  CONSTRUCTION 
1500  0m  <;«    ill  in  auction 
13100m'-.'  ciall  i<  il  tyi  >i  ipon<  i  i  > 

15  20  00  Special  Purpose  Rooms 
15  50  00  Special  Structures 
15  40  001'  tegrati  iCi  istruction 
13500i '   >•■  iallnstn  m«  ntation 
15  60  00  Unassigned 
15700m  '       ign 
15  60  00  Unassigned 

13  90  00  Unassigned 

DIVISION  14 -CONV  (IN    I  IU1PMENT 

140000m  on\  yingl  quipmenl 
14 10  00  Dumbwaiters 

14  20  00  Elevators 

1450001  .(  ilat  -i    in  il  L  ing  Walks 

14  40  00  Lifts 

14  50  00  Unassigned 

14  60  00  Unassigned 

14  70  00  Turntables 

14  80  00  Scaffolding 

14  90  00  Othet  1 1  n  eying  I  quipment 

DIVISIONS  15-19  RESERVED 

:oci .  ;    ?  vice?    ibgroui 
DIVISION  20 -RESERVED 
DIVISION  21 -FIRE  SUPPRESSION 
21000(0  in  Suppression 
211000  s',  itemBasedFii      up|      em  Systems 
21  !0  'OFi    Extingu  hin     i   '  m 
21 30  00  Fire  Pumps 
11  kOOOl  ire  mppt    m  nWal  -    >\  ?rag< 
21 50  00  Unassigned 


21 60  00  Unassigned 
21 70  00  Unaligned 
21 00  00  Unassigned 
21 90  00  Unassigned 

;   ion  !2  -  PLUM    I 

22  00  00  Plumbing 

22  (000   lumbtng I  pingai 

22  20  00  Unassigned 

225000  lumbin    .   ipment 

22  40  00  Plumbing  Fixtures 

02  5000    of  and  Founl    i  Plumbing  System 

2260000  •     t       mm  :     terns  foi  !  Moratory 

.(I,    ith    t      iciliti  . 
22 10  00  Unassigned 
22  00  00  Unsigned 
22  90  00  Unassigned 

HVISION    1     HEATIN  ,  ^ENTiLATIN    AND! 


25  00  Of  J,  ,  itiiij   v  i"!  !  i  ng  and  Aim 
Conditioning  (HVAC) 
23 10  00  Facility  Fuel  Systems 
25  20  00  HVA(    i  i  .,  md  Pumps 
23  30  00  HVAC  Air  Distribution 
23  40  00  HVAC  Air  Cleaning  Devices 
25  50  00  ( ei  ra!  Heal  ,  i  q^ui  tn  nl 
'5  60  00  (   ,,,.    (  loiin  jEquij  nenl 
25  70  00  Central  HVAC  Equipment 
25  50  00  Decentralized  HVAC  Equipment 
23  90  00  Unassigned 

DIVISION  24  -  RESERVED 

HV  ilON  2      IN    GRA1  D  AUT0MA1    h 

2500001m  < 1  ited  Automation 

25100mm  em  itedAul  miationNe1   or\ 

Equipment 

25  20  00  Unassigned 

25  50  00  Intei     I       uti  rnal      Insti    n<  ntation 

and  Terminal  Devices 

25  40  00  Unassigned 

25500m;  iteg      d/  utom  tron  I     iiityi  ontrols 

25  60  Of )  Unas  >. 

25700m  In   -    v,  I 

25  b()  00  Unassigned 

5  90  00  In1  I       en    onContn 

Sequences 

DIVISION  26  -  ELECTRICAL 

26  00  00  Electrical 

■'.  i » 00  Mi  Itu  n  -  I    ■         i     I  Pi     bi  ie 


26200'       -    >lta.     ;    ti     ;'''  !  ibiition 
263O0C  Fa<    ty Electrical      ■        leratingarid 

m 
26400m   !  ndCathodi     re    ction 

26  50  00  Lighting 
26  60  00  Unassigned 
26  70  00  Unassigned 
26  bO  00  Unassigned 
26  90  00  Unassigned 

DIVISION  27 -COMMUNICATIONS 
2700  00  Communications 
27 10  00  Structured  Cabling 
-   20  00  Dal   0  nm  mi<  itii 

1\     007m    Comn  uni   iti  ■•■ 
2740 00 Audio  Vast  ■  •!..:  nmunications 
2750001  i  tril  utedG  mmiii         n    md 

■  iii  ringSy    m 
2760  00  Unassigned 
2770  00  Unassigned 
275000  Unassigned 
279000  Unassigned 

DIVISION  28  -  ELECTRONIC  SAFETY  AMD  SECURITY 
-  0  1 001  lei  (sronh  Sal  -   and:  :curiO 
20 10 00 Ele<  roni    mm    .Control  md  Intrusion 
Detection 
2d  20  00:  led  *onii  Surveillance 

>0  )OEie  tf  '!•!■  Detection  nd  ,!  rm 
204000  lectronii  i<  lit  ng  id  control 
20  50  00  Unassigned 
20  60  00  Unassigned 
20  70  00  Unassigned 
20  60  00  Unassigned 
20  90  00  Unassigned 

DIVISION  29  -  R  SE  / 

Site  and  Infrastructure  Subgroup 
DIVISION  30 -RESERVED 
DIVISION  31  -  EARTHWORK 

31 00  00  Earthwork 

31 10  00  Site  Clearing 

51 20  00  Earth  Moving 

51 50  00  Earthwork  Methods 

)0    i ".  .  '.   ingai  iUi   erpii  lin  • 

5  5( )  00  E      atioi       poi 

51 60  00  Special  Foundations  and  Load-Bearing 

i.  nts 
31 70  00  Tunneling  and  Mining 
51 00  C 


DIVISION  32  -  EXTERIOR  IMPROVEMENTS 
52  0000        h   Imp  ovements 
52  I000  ■•    o,  Ballasts    nd  Paving 
52  20  00  Unassigned 

€0    '     Improvem  nl 
52  40  00  Unassigned 
52  50  00  Unassigned 

-'    K    in  <  ugned 
52  70  00  Wetlands 
52  00  00  Irrigation 
52  90  00  Planting 

DIVISIOI     I     UTiLITlE 

55  00  00  Utilities 

33 10  00  Water  Utilities 

33  20  00  Wells 

53 50 Of    smil      Se'       mUtiliti 

55400m   tormPrai    g<  Utilities 

>;     c«m-  uell      ribs    -    Util 

56(    '    H   «,.  lit    nd  Steam  En    jy  U  ilit  t 
35  70  00  Electrical  Utilities 
53.  •    •   '    n  i'  -  iti<  n  UtilitL 
55  90  00  U   i!   ignci 


^J  34      MNSPl    EATIOI 
54  00  Of  franspot   iti  i 
>   !  HOOOui :  ways/I   iiivay  ■ 
54  20  00  Traction  Power 
34  50  00  Unassigned 

54 40 00 Transpoi  atif  i     inaiing    idO  nti  0 
Equipment 

5450001    n     station    n      l  ,  .  •  i 
Equipment 

54  60  00  Un  is  *igned 
54  70  Of '  s     -porta    n        tn  ction  md 
Equipment 
54  00  00  Bridges 

54  90  00  Unassigned 

DIVISION  35  -  MARINE 

N!  I     HON 
55 00 Oi '"'  .     •     i         "action 

551000      ten       ndl    rin     igi  sling  and 
Control  Equipment 

55  20  00  Wal        s    II    rin        mi    m  n  and 
Equipment 

)5500i       :       '  nst  ui  ion 
55400     '  ■"  ■         i         l;io     id     uips     i1 
55  50  00  Marine  Construction  and  Equipment 


:si  m   f:  ;mmp.\ 


35  60  00  Unassiped 

35  70  00  Dam  Construction  and  Equipment 

35  50  00  Unasserted 

35  90  00  Unassiped 

DIVISIONS  36-39  RESERVED 

- ,.  •     ;  Equii  neni  Su!  group 
DIVISION  40-  PROCESS  INTEGRATION 

40  00  00  Process  Integration 

40 10  00  Gas  and  Vap«  ■  Pro<  ess  Piping 

40  20  00  Liquids  Process  Piping 

1-0  30  <  "'   lid  and  Mi    IM    erial  Pipirii  md 

Chutes 

00(  i  ■  •  -  .  Pipi  g  n  d\  c\\    i .  i! 
Protection 

40  50  00  Unassiped 
40  60  00  Unassiped 
40  70  00  Unassiped 

40  £30  00 1  »i  imi    ii  ninrj  4   race:  s  Systems 
409000  i    rum  i  ation  i  id< . ntro!  foi  Process 
Systems 

DIVISION  41 -Miu.:  \\  PROCI  .SING  AND 
IANDLING  EQUIPMEN1 

41000(  Material  Pn        ing  nd  '  n<  I  a. 
Equipment 

41100=  ;i'   '         rialPn     .sin  .Equipment 
41200  ■■:...      (serial  Ha  quij  merit 

H  30  00 1  lanui "  turn  |l  quipi  lenl 
414000(  ml  lim  i  Froce-  »in  f  md  Packaging 
41 50  00  Material  Storage 
41 60  00  Mobile  Plant  Equipment 
4170  00  Unassiped 
41 80  00  Unassiped 
41 90  00  Unassiped 


DIVISION  43  -  PROCESS  GAS  AND  LIQUID 
HANDLING,  PURIFICATION,  AND  STORAGE 
EQUIPMENT 

4500001  roce;       i    indl  iquid  Handling, 
Purification,  md:  tot  ,,  !  [uipment 
43 10  00  (  isH  ndlini  I  quipment 
\   20(  OLii  lidH  n  Hi  g!  |  lipmenl 
P3   OOOG  7 and  iquidl  unification!  qi  ipm  n 
45  tOOOi  .■ »  md  Liquid  Storaf 
1-5!  0  00  Un  •  signed 
45  60  00  Unasserted 
45  70  00  Unassiped 
43  50  00  Unassified 

43  90  00  Unassiped 

DIVISION  44  -  POLLUTlONCONTROLEQiJIiH.di 
44 00  0(  '  -"Pin  >n  Contri  •  quipment 
44 10  00  Air  Pollution  Control 

44  20  00  Noise  Pollution  Control 
4440  00  Water  Treatmenl  I  quipment 
44  50  00  Solid  Waste  Control 

44  60  00  Unassiped 
4470  00  Unassiped 
44  00  00  Unassiped 

44  90  00  Unassiped 

DIVISION  45     INDU  [R\  .PECIFIC 
-SO       URII        IIPMEN1 

43:  €00    ,      i  4.    •  -  ,.   cturing 

Equipment 

45  60  00  Unassiped 
45  70  00  Unassiped 
45  80  00  Unassiped 
45  90  00  Unassiped 

DIVISION!  46  47  RESERVED 


DIVISION  42  -  PROG  .S  HEATING,  COOLING,  AND 

DRYING  EQUIPMENT 

420000I  met     P  ,    rig  i  o<  ling  indDi  /ing 

Equipment 

42 10 00  Process  El.  itingE  jiiipment 

422000 1  re  ling)  quipmenl 

423000  roces  Dryin  jEqi  ipm  n1 
42  40  00  Unassiped 
42  50  00  Unassiped 
44  6000  nas:  in<  j 
42  70  00  Unassiped 
42  d()  00  Unassiped 
42  90  00  Unassiped 


DIVISION  18     ELECTRICAI  POWER  GENERATION 

\bQ\  00  Eli  tri<  il  Power  «■  <'■  f  ti  in 

P  Ii  H)i  Oiku  trii  il  Power  i  ■  n<  i  itio  il  quipm<  nl 

48  20  00  Unassiped 

48  50  00  Unassiped 

48  40  00  Unassiped 

48  50  00  Unassiped 

48  60  00  Unassiped 

48  70  00  El  ctrical  Power <    neration  Testing 

48  80  00  Unassiped 

48  90  00  Unassiped 

DIVISION  49  -  RESERVED 


UNIFORMAT II  (ASTM  STANDARD  E1557)  provides  a  consistent  reference  for 
the  description,  economic  analysis,  and  management  of  buildings  during  all 
phases  of  their  life  cycle,  including  planning,  programming,  design,  construction, 
operations,  and  disposal  The  format  is  based  on  the  classification  of  elements, 
which  are  defined  as  "major  components,  common  to  most  buildings,  that 
perform  a  given  function,  regardless  of  the  design  specification,  construction 
method,  or  materials  used."  Examples  of  functional  building  elements  are 
foundations,  superstructure,  stairs,  and  plumbing,  UNIFORMAT  If  therefore 
differs  from  and  complements  the  MasterFormat™  classification  system, 
which  is  based  on  products  and  building  materials  for  detailed  quantity  takeoff s 
of  materials  and  tasks  associated  with  the  construction,  operation,  and 
maintenance  of  buildings, 

The  UNIFORMAT  il  organizational  structure  assumes  that  design  information 
at  the  schematic  phase  can  be  communicated  more  effectively  by  functional 
building  elements  rather  than  by  building  material  or  product,  and  that  an 
elemental  classification  system  would  be  more  easily  understood  by  clients  and 
others  who  do  not  have  a  technical  background,  A  comprehensive  and  consistent 
classification  of  functional  elements  also  enables  the  necessary  cost  information 
to  be  evaluated  in  the  early  stages  of  the  design  process,  thus  assuring  faster 
and  more  accurate  exonomlc  analysis  of  alternative  design  decisions  early  in  the 
early  stages  of  the  project, 


cia 


an  alphanumeric  designation.  There  are  seven  Level  1  groups: 


Substructure,  including  Foundations  &  cSasernent  Construction 
Shell  including  Superstructure,  Exterior  Enclosure  &  Roofing 
Interiors,  including  Interior  Construction,  Stairs  &  Interior 


•  Group  A 
4  Group  13 

•  Group  C 
Finishes 

•  Group  D:  Conveying,  Plumbing,  HVAC,  Fire  Protection  &  Electrical  Systems 
s  Group  E:  Equipment  &  Furnishings 

•  Group  F:  Special  Construction  &  Demolition 

•  Group  G:  Building  Sitework 

Each  Major  Group  Element  is  broken  down  into  Level  2  Group  Elements  (010, 
320.. .) and  Level  5  Individual  Elements  (01010, 151020, 02010. , .).  A  Level 
4  is  proposed  to  break  the  individual  elements  into  yet  smaller  Sub-elements 
01011,01012,01012...). 


ASTM  UNIFORMAT  li  Classification  for  Building  Elements  (El  557-97) 


Level  1 

lojor  Group  Elements 


Lewd  2 
Group  Elements 


Level  3 
Individual  Elements 


A.  SUBSTRUCTURE 


A10  Foundations 


A20  Basement  Construction 


A101O  Standard  Foundations 
A1020  Special  Foundations 
A1050  Slab  on  Grade 
A2010  Basement  Excavation 
A2020  Basement  Walls 


1,  SHELL 


1310  Superstructure 
£320  Exterior  Enclosure 

E350  Roofing 


131010  Floor  Construction 
E31020  Roof  Construction 
02010  Exterior  Walls 
02020  Exterior  Windows 

02030  Exterior  Doors 
[35010  Roof  Coverings 
135020  Roof  Openings 


C  INTERIORS 


C10  Interior  Construction 

C20  Stairs 

C50  Interior  Finishes 


C1010  Partitions 
C1020  Interior  Doors 
C10S0  Fittings 
C2010  Stair  Construction 
C2020  Stair  Finishes 
C3010  Wall  Finishes 
C3020  Floor  Finishes 
C3030  Ceiling  Finishes 


%-;,    vNnm} 


ASIi  UI1F0RMAI 1!  Classification  for  Building  Elements  (El  557-97) 


Level  1 

|  ij  ,  Gi  iuj  Elemi  if 


Level  2 

•  roup  leme  its 


Level  3 
Individual  Elements 


D.  SERVICES 


4     •  '  ,  i  ■ 


D  0  lumbi  - 


D50HVAC 


"!•'!.,      !-••  i 


DSO  Electro 


D1010  Elevators  &  Lifts 

D1020  Escalators  &  Moving  Walks 

)1090  Other  G    -\  n     /  4s  n 

P2010  Plumbing  Fixtures 

D2020  domestic  Water  Distribution 

P205O  Sanitary  Waste 

P2040  Rain  Water  Drainage 

P209O  Other  Plumbing  Systems 

I   '■'''•  'Enei  •,    uj  jir 

P5O20I     • f    lei  itingSy  ti  mi 

P50  QCo  ilin  i   enei  iting  systems 

P3O40Pi    ribution  '/'.terns 

I    050Termina     Pa    igeUnil 

>060  Control     ii    rui    nl  iti 
D3070  ■>,  1  m       iM'    balancing 
D3090  Other  HVAC  Systems  &  Equipment 
04010  Sprinklers 
•  .    «tan  i|  ij 
P4050Fii     rot.    \o\    \ 
P4O90)   ;.    -i    Protei     !    >ystem 
DS010  Electrical  Service  &  Distribution 
D502.0  Lighting  and  Branch  Wiring 
DS030  Communications  &  Security 
D5O0O  Other  Electrical  Svsterns 


E.EQUI  N  '    !   •  INIS    Nl  • 


00  Equipment 


!0  Fun   i|  m 


E1010  <  ornnii      II  f  i  n  i 
l  |02i  Onsi  tuti  >n  I    jiiipm  nl 
E1O30Vf  hici      Eqi  ipmi  - 1 
El 090  Other  Equipment 
E2010  Fixed  Furnishings 
■     •-  *  l '    ibl    urni  hitii 


fi     ECIAI      1ST!  1CTO   '    EMOLITION       F10  r  <■  i Construction 


F20SeIecti    1  uiidii  <  )emoi  tion 


'  -    i       ial:   rui  ui    - 

F1020 Int-ec]  ii    Ii  on  unction 

F105OSp.  ( iaICoi   trui  ionSy  terni 

F1040  Special  Facilities 

F10S0Spe<  i  ill  ontrols  •  Instrument  ition 

E20E       Idingl    m  nl  .Demolition 

F202OH  s  -  !'       ompon ;)  I   Abatement 


m 


ASTM  UNIFORMAT  li  Classification  for  Buil 


557^97: 


Level  1 

Major  Group  Elements 


Level  2 

Grouo  Elements 


Level  3 
Individual  Elements 


k  BUILDING  SHEW  OH 


010  Site  Preparation 


0 Si    '  i  rover?)  n 


030  Site  Mechanical  Utilities 


040Sii     feci  icalUl  liti  s 


1   'i  <■',!•,    1 1    ru      n 


G101(  s      ■•«; 

ili  a      eDem(  litioi    •  "   li 
>i    !   rthwork 

(51040  Hazardous  Waste  Remediation 

02.010  Roadways 

02020  Parking  Lots 

G2(    0    .'     rianPavini 

«    040  Oil    Devel  >pi     i1 

«  2(    0  Landscaping 

05010  Water  Supply 

05020  Sanitary  Sewer 

>   i030 Storm!  e  /ei 

<    ■    OH  .'  ,c",    ,  butio 

03050  Cooling  Distribution 

05060  Fuel  Distribution 

00!  Oth     >i     /I  chani*  iiU  li 
04010 EL  i  ii  button 

f    020  Site  Lighting 

1 '  .  ■  ■  ,  ,   mmunication:        i  rh 
©OOtln      te  Electrical  I  Wiities 
(    0105    ic    n  i     "  ti   n  -ii"  I: 
i    0900   erSit<  System     I  qui|  i  n 


;''       ■    '     -  irn  n  i  org    i  itionl  *  UNIFOI  MAT  11  bu1    \d    nothen      |     .  '■> !      eneral.th    ,     rporatesgei        -  ;  tiremi  11       Wing 

(  pui  oitii  ■     ',  !.   '     on      i      >n  i  ,  ,  -  -       loiprqj  i      ing.An  th<     ignifi  in1    iff<  .  i  .       un  ;    "!'  Ml  •  ,     'u      M     erFormaf 

umbersa      itl    foi    vol!    nd, sornetin      Level  4  elemei    « 


G5n"  ;'!  'r.'W.:--  V/.  S'.?/?SM««-:  Z'rim 


LEED®-NC 

Green  Building  Rating  System™ 

For  lew  Construction  &  Major  Renovations 

Version  2  J 

Sustainable  Sites  {14  Possible  Points) 

55  Prereq )  Construction  Activity  Pollution  Prevention  Required 

55  Credit  1  Site  Selection  1 

55  Credit  2  Development  Density  &  Community  Connectivity  1 

65  Credit5  Brownfield  Redevelopment  1 

55  Credit  4.1  Alternative  Transportation,  Public  Transportation  Access  1 

55  Credit  4,2  Alternative  Transportation,  Bicycle  Storage  &  Changing  Rooms  1 

55  Credit  4.3  Alternative  Transportation,  Low  Emitting  &  fuel  Efficient  Vehicles  1 

55  Credit  4.4  Alternative  Transportation,  Parking  Capacity  1 

55  Credit  5,1  Site  Development,  Protect  or  Restore  Habitat  1 

55  Credit  5.2  Site  Development,  Maximize  Open  Space  1 

55  Credit  6.1  Storrnwater  Design,  Quantity  Control  1 

55  Credit  6,2  Storrnwater  Design,  Quality  Control  1 

SS  Credit  7.1  Heat  Island  Effect  Non-Roof  1 

65  Credit  7,2  Heat  island  Effect.  Roof  1 

55  Credit  d  Light  Pollution  Reduction  1 

Water  Efficiency  (5  Possible  Points} 

WE  Credit  1.1  Water  Efficient  Landscaping,  Reduce  by  501  1 

WE  Credit  1.2  Water  Efficient  Landscaping,  No  Potable  Use  or  No  Irrigation  1 

WE  Credit  2  Innovative  Wastewater  Technologies  1 

WE  Credit  3.1  Water  Use  Reduction,  201  Reduction  1 

WE  Credit  5.2  Water  Use  Reduction,  301  Reduction  1 

Energy  &  Atmosphere  (17  Possible  Points) 

EA  Prereq  1  Fundamental  Commissioning  of  the  Building  Energy 

Systems  Required 

EA  Prereq 2  Minimum  Energy  Performance  Required 

EA  Prereq 3  Fundamental  Refrigerant  Management  Required 

EA  Credit  1 0ptimize  Energy  Performance  1-10 

A  Credit  2  On-Site  Renewable  Energy  1-5 

A  Credit  3  Enhanced  Commissioning  1 

A  Credit  4  Enhanced  Refrigerant  Management  1 
EA  Credit  5  Measurement  &  Verification  1 
EA  Credit  6  Green  Power  1 

Materials  &  Resources  (13  Possible  Points) 

MR  Prereq  1  Storage  &  Collection  of  Recyclables  Required 

MR  Credit  1.1  Suilding  Reuse,  Maintain  75%  of  Existing  Walls,  Floors  &  Roof  1 

MR  Credit  1,2  Building  Reuse,  Maintain  95%  of  Existing  Walls,  Floors  &  MR  Roof  1 

MR  Credit  1,3  Suilding  Reuse,  Maintain  50%  of  Interior  Non-Structural  Elements  1 

MR  Credit  2.1  Construction  Waste  Management,  Divert  50%  from  Disposal  1 

MR  Credit  2,2  Construction  Waste  Management,  Divert  75%  from  Disposal  1 


MR  Credit  3.1  Materials  Reuse,  5%  1 

MR  Credit  5,2  Materials  Reuse,  10%  1 

MRCredit4,1  Recycled  Content,  10%  (post-consumer  + 1/2  pre^consumer)  1 

MR  Credit  4.2  Recycled  Content,  20%  (post-consumer  +  vh  pre-consumer)  1 

MR  Credit  5.1  Regional  Materials,  10%  Extracted,  Processed  &  Manufactured 

Regionally  1 

MR  Credit  5.2  Regional  Materials,  20%  Extracted,  Processed  &  Manufactured 

Regionally! 

MR  Credit  6  Rapidly  Renewable  Materials  1 

MR  Credit  7  Certified  Wood  1 

Indoor  Environmental  Quail '"!f;  J*',sible  Points) 

EQ  Prereq  1  Minimum  IAQ  Performance  Required 

EQ  Prereq  2  Environmental  tobacco  Smoke  (ETS)  Control  Required 

EQ  Credit  1 0utdoor  Air  Delivery  Monitoring  1 

EQ  Credit  2  Increased  Ventilation  1 

EQ  Credit  3.1  Construction  IAQ  Management  Plan,  During  Construction  1 

EQ  Credit  3,2  Construction  IAQ  Management  Plan,  Defore  Occupancy  1 

EQ  Credit  4.1  Low-Emitting  Materials,  Adhesives  &  Sealants  1 

EQ  Credit  4,2  Low-Emitting  Materials,  Paints  &  Coatings  1 

EQ  Credit  4,3  Low-Emitting  Materials,  Carpet  Systems  1 

EQ  Credit  4.4  Low-Emitting  Materials,  Composite  Wood  &  Agrifiber  Products  1 

EQ  Credit  5  Indoor  Chemical  &  Pollutant  Source  Control  1 

EQ  Credit  6,1  Controllability  of  Systems,  Lighting  1 

EQ  Credit  6,2  Controllability  of  Systems,  Thermal  Comfort  1 

EQ  Credit  7.1  Thermal  Comfort,  Design  1 

EQ  Credit  7,2  Thermal  Comfort,  Verification  1 

EQ  Credit  5.1  Daylight  &  Views,  Daylight  75%  of  Spaces  1 

EQ  Credit  5,2  Daylight  &  Views,  Views  for  90%  of  Spaces  1 

Innovation  &  Design  Process  (5  Possible  Points) 

ID  Credit  1.1  Innovation  in  Design  1 

(D  Credit  1,2  Innovation  in  Design  1 

ID  Credit  1,3  Innovation  in  Design  1 

ID  Credit  1.4  Innovation  in  Design  1 

ID  Credit  2  LEED  Accredited  Professional  1 

Project  Totals  {69  Possible  Points) 


To  receive  LEED  certification,  a  building  project  must  meet  certain 
prerequisites  and  performance  benchmarks  or  credits  within  each  category. 
Projects  are  awarded  Certified,  Silver,  Gold,  or  Platinum  certification 
depending  on  the  number  of  credits  they  achieve, 
s  Certified :  26  to  32  points 

•  Silver:  55  to  35  points 

•  Sold:  59  to  51  points 

9  Platinum:  52  to  69  points 


Profi 


www.acronymfinder.com 

•  Acron\   •    ,t    -  ■'  i    « 

ncedbuildings.i 

commercial     I  multi-unit  residential  bi 

l(  com 

•  Building  |  ,  lu< «     .  m    on 
vvv.A7.jiii.  rica    rchifc   ture.com 

•  Horn  :pag  li    :,i,, ';.~  th    i  ding  industry 

www.arcat.com 

•  Building  roduct  information 
www.building.org 

•  Building  pro  ucii    nd  services 
www.buildingonline.com 

'    \)\\'k  oryt  ft  ilding  ■  i  strypn  ;   isioi 
\mw.codi     <     p<  com 

•  Code--- j  i  .  .  eb:  it 
www.cori5truction.com 

•  McGr;     II     i   truction  site 
www.con    ructi  ne<  i  •  itlon.com 

•  Constrm  tion  education 
www.com  i,  h  ti  nmal  wi  ih.com 

•  ManuL  dure  so     m  true  ion  materials, 
suppliers  and  services 

www.es       ierg;  p 

•  Energy*  fficiency    idr     wabf  - 
www.floorbiz.com 

•  Direc  >ryoffl<    ing     duct  man    ictui 
vw   jeo1  'ium.com 

■    Ge<  •'.  hni    I  ind  lei  pfi  undi  tioni  iff  i  n  ition 
www.homelighting.com 

•  Lighting  !  nui «,  turei    j  od  n  ts    nd 
services 

www.ipl.org 

•  Intern  i  I   I    ;  Library 
Wv   !;'       I    o    ing  rg 

•  Life  i 

wv  n    n.org 

•  Global  odes  and     • ;  I     i 
www.piumbingweb.com 

•  Plumbin  im  mu1  cturei     on1    .  tors,  and 
/ ,;,  ■  •    n 

wwwmeei      ,•  urc  <   m 

•  Building  pi ,  lm    i  ifo  n 
www.solidwaste.com 

•  Solid  wasl    mdti    itment:  w  ^ems 
"  ■  i      icbool  com 

•  Buildini  ?roi  ui  tsdii 
/.virti   !   ngii     ■  ■  ■ 

•  Product  information  and  suppliers  for  building 
and  construction 


ii     ,      '    i    ■      sociation 
!•     -\\,  u  w  /  li  •  ;h  flo  >'■ 

New  York,  NY  10019 

American  In  -titut  o\  Architects 
1755  New  York  Avenue  NW 
Washington,  DC  20006 

www. ;:;  org 

rnei     nlnsi   u1   of!   ilding  Pes    i 
7059  Dlair  Road  NW,  Suite  201 
Washington,  DC  20012 
■  ■  w  i  b  ion 

Arm  ricanln    rani  *  A; ;  >ci  I  •  i 
1130  Coi  iectici        nueNW.Su     I00( 
Washington,  DC  20036 
■''"'•'vaiiadc.org 

/  n  ri<  in  >ocii  t\  >     >-,!  ■  ng  i  « 
1501  Abcande  M\  Drive 
RestonS/A  20191 
www.asce.org 

American     ciel       Interioi  Designers 
)0  s/ 1       husel     Avenue  NE 
Washington,  DC  20002 
www.asi  l.org 

w     icanSoi     /oi     n  I:    ip     rchil 
656  Eye  Street  NW 
Washington,  DC  20001-3736 
"■■■.  i  ila.org 

Architects    '.050 
607  Cerrilio        I 

Santa  Fe.NM  37505 

wwwjrchi     i  i  2030.org 

Aw  >ciat  I Gei      ;     itrai    i  -.-'"America 
2300  Wilson  boulevard,  Suite 400 

Arlington,  7A  22201 

www.agc.org 


Building  Research  Establishment 
wwcknal    iane,6arstoi 
Watford.  WD25.UK 

eco.uk 

BuildingS.  ismi      fe1   Coui  oil 
1  rion  '!     ituti  of  fa  il  in.  Sciences 
1090  Vermont  Avenue  NW,  Suite  700 
Washington,  DC  20005 
•  ww. I  sconline.org 

1  i  lad,  Iv  >rt )  ,.  an  '  i:<<;  ing  -    >o  i1    i 
700  Montreal  Road 
Ottawa,  ON,  K1A0P7,  Canada 
www.cmhc-schl.gc.ca 

-  dia  i  om  trui  *    Association 
75  Albert  Street,  Suite  400 
Ottawa,  ON,  KIP  5E7,  Canada 
www     i-accu     i 

Construction  h  nagi  men1    «  i  iation  of  America 
7  >2(  Jos  -.IM  <  ;l  Driw  !  .no.'   »0 
McLean,  VA  22102 
www.i    -  in  I  org 

Constn   I  o     p    :  i<   tion  Canad 

':  '   rl    nSti   :  i  lite  5S 
Toronto,  ON,  MSA  4K2,  Canada 
www.csc-dcc.ca 

Construe  lonSpecifii  ition:  Institute 
99  Canal  (   ntei    la     Suiti  500 
Alexandria,  M  22314-1500 

www.csinet.org 

lerg  I  ficient Suitd  re-  .sod    ion 
.  em      -  <   \&  «,     ui 
irie.MN! 

www.eeba.org 

Environmi  ital    o\      on  Agency 
1200  Pennsylvania  Avenue  NW 

Washington,  DC  20460 


Green  Puilding  Information  Council 
40  The  Driveway,  Suite  100 
Ottawa,  Ontario,  K2P  209,  Canada 
www.greenbuilding.ca 

Green  Building  Institute 
761  Waterloo  Road 
Jessup,  Maryland  20794 
www.greenbuildinginstitute.org 


Royal  Architectural  Institute  of  Canada 
550-55  rue  Murray  Street 
Ottawa,  Ontario  KIN  5M3,  Canada 
wiw.raic.org 

Society  of  American  Registered  Architects 
14  East  56th  Street,  11th  Floor 
New  York,  NY  10016 
iww.sara-national.org 


Architectural  Precast  Association 
6710  Winkler  Road.,  Suite  a 
Fort  Myers,  Ft  55919 
www.archprecast.org 

Cement  Association  of  Canada 
1500-60  Queen  Street 
Ottawa,  ON  K1P5Y7,  Canada 
www.cement.ca 


institute  for  Research  in  Construction 
National  Research  Council  of  Canada 
1200  Montreal  Road 
Ottawa,  ON,  K1A0R6.  Canada 
www.irc.nrc-cnrc.gc.ca 

Insurance  Services  Office 
545  Washington  Boulevard 
Jersey  City,  N  J  075105656 
www.iso.corn 

NAHB  Research  Center 
400  Prince  Georqee  Blvd. 
Upper  Marlboro,  Mf)  20774 
www.nahbrc.org 

National  Council  of  Architectural  Registration 

Boards 
1301  K  Street.  NW,  Suite  1100-K 

Washington.  DC  20006 

www.ncarb.org 

National  Society  of  Professional  Engineers 
1420  King  Street 
Alexandria,  VA  22514 

Occupational  Safety  and  Health  Administration 
U.S.  Department  of  tabor 
200  Constitution  Avenue  NW 
Washington,  DC  20210 

www.osha.gov 

Partnership  for  Advancing  Technology  in  Housing 

PO  Box  23260 

Washington,  DC  20026-3263 

www.pathnet.org 


Structural  Engineers  Association  of  California 
555  Capitol  Malt  Suite  755 
Sacramento,  CA  95514 
www.seaoc.org 

Superintendent  of  Documents 
U.S.  Government  Printing  Office 
752  N.Capitol  Street  NW 
Washington.  DC  20401 
www.gpoaccess.gov 

Urban  band  Institute 

1025  Thomas  Jefferson  Street  NW,  Suite  500W 

Washington.  PC  20007 

www.uli.org 

U.S.  Dept.  of  Housing  and  Urban  Development 
451 7th  Street  SW 
Washington,  DC  20410 
www.hud.gov 

U.S.  Green  Building  Council 

1600  [Massachusetts  Avenue  NW,  Suite  500 

Washington,  DC  20056 

www.usgbc.org 

CSI  Division  03  •  Concrete 

American  Concrete  institute 
56000  Country  Club  Drive 
Farrnington  Hills,  Ml  40551 
www.aci-int.org 

American  Society  for  Concrete  Contractors 
2025  S.  Brentwood  Blvd.,  Suite  105 
St.  Louis,  MO  63144 
www.ascconline.org 


Concrete  Reinforcing  Steel  Institute 
955  North  Plum  Grove  Road 
ScbaumburgOL  601754750 
www.crsi.org 

National  Precast  Concrete  Association 
10555  North  Meridian  Street,  Suite  272 
Indianapolis,  IN  46290 
www.precast.org 

Portland  Cement  Association 
5420  Old  Orchard  Road 
Skokie,IL60077 

www.cement.org 

Post-Tensioning  Institute 

0601  North  Black  Canyon  Highway,  Suite  105 

Phoenix,  AZ  65021 

www.post-tensioning.org 

Precast/Prestressed  Concrete  Institute 
175  West  Jackson  Boulevard 
Chicago,  IL  60606 

www.pci.org 

Wire  Reinforcement  Institute 
942  Main  Street,  Suite  500 
Hartford,  CT  06105 
www.wirereinforcementinstitute.org 

CSI  Division  04  •  Masonry 

Brick  Industry  Association 

1650  Centennial  Park  Drive,  Suite  5011 

Reston.VA  20191 

www.  brickinfo.org 


Expanded  Shale,  Clay  and  Slate  Institute 
2225  East  Murray  Holladay  Road,  Suite  102 
Salt  Lake  City,  UT  04117 


www.escsi.ora 


American  Iron  and  Steel  Institute 
1140  Connecticut  Ave  NW,  Suite  705 
Washington,  D.C.  20056 
www.steei.org 


Steel  joist  Institute 
S127  Mr.  joe  White  Avenue 
Myrtle  Beach,  SO  29577-6760 
www.steeijoist.org 


Indiana  Limestone  Institute  of  America 
400  Stone  City  frank  Duilding 
Bedford  ,IN  47421 
www.iliai.com 

international  Masonry  Institute 
James  Drice  House 
42  East  Street 
Annapolis,  MP  21401 
www.imiweb.org 

Marble  Institute  of  America 
25901  Clemens  Road,  Suite  100 
Cleveland,  OH  44145 
www.marbieinstitute.com 

Masonry  Institute  of  America 
22515  Frampton  Avenue 
Torrance,  CA  90501-5034 

www.masonryinstitute.org 

Masonry  Society 

3970  Broadway,  Suite  201 -D 

Boulder,  CO  00304-1135 

www.masonrysociety.org 

National  Concrete  Masonry  Association 
13750  Sunrise  Valley  Drive 
Herndon.VA  20171-4662 

www.ncma.org 

CSI  Division  05  •  Metals 

Aluminum  Association 

1525  Wilson  Boulevard,  Suite  600 

Arlington,  VA  22209 

www.aluminum.org 

American  Institute  of  Steel  Construction 
One  East  Wacker  Drive,  Suite  700 
Chicago,  IL  60601-1002 

www.aisc.org 


American  Welding  Society 
550  NW  LeJeune  Koad 
Miami,  FL  33126 

www.aws.org 

American  Zinc  Association 
2025  M  Street  NW,  Suite  &00 
Washington,  DC  20036 
www.zinc.org 

Cold-Formed  Steel  Engineers  Institute 
1201 15th  Street  NW,  Suite  320 
Washington,  DC  20005 
www.cfsei.org 

Copper  Development  Association 
260  Madison  Avenue,  16th  Floor 
New  York,  NY  10016 
www.copper.org 

Internationa!  Institute  of  Welding 
Zl  Paris  Nord  2 

F95942R0I55Y  CDGCedex,  France 
www.iiwais.org 

Iron  and  Steel  Society 
106  Thorn  Hill  Road 
Warrendale,  PA  15006-7520 

www.techstreet.com/info/iss 

National  Association  of  Architectural  Metals 

Manufacturers 
WO  Roosevelt  Road,  Bldg.  C,  Suite  312 
Glen  Ellyn.IL  60137 

www.naamm.org 

Specialty  Steel  Institute  of  North  America 
3050  Fx  Street  NW 
Washington,  DC  20007 
www.ssina.com 

Steei  Deck  institute 
PO0ox25 

Fox  River  Grove  J  L  60021 
www.sdi.org 


Steel  Manufacturers  Association 
ISO  Connecticut  Avenue  NW,  Suite  715 
Washington,  DC  20056 
www.steelnet.org 

CS!  Division  06  •  Wood,  Plastics  ond  Composites 

American  Forest  &  Paper  Association 
1111 19th  Street  NW,  Suite  hOO 
Washington,  DC  20056 
www.afandpa.org 

American  institute  of  Timber  Construction 
7012  South  Revere  Pkwy.,  Suite  140 
Englewood,  CO  50112 
www.aitcwglulam.org 

American  Plywood  Association 
7011  South  19th  Street 
Tacoma.WA  90466 

www.apawood.org 

American  Wood  Council 
1111 19th  Street  NW,  Suite  bOO 
Washington,  DC  20036 
wvm.BWCMq 

American  Wood-Preservers  Association 
PODox  561784 
Birmingham,  AL  35236-1754 
www.awpa.com 

Architectural  Woodwork  Institute 
46179  Westlake  Drive,  Suite  120 
Potomac  Falls,  VA  20165 
www.awinet.org 

CmB.dlm  Wood  Council 
99  Dank  Street,  Suite  400 
Ottawa,  Ontario  KIP  6139,  Canada 

www.cwc.ca 
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C  iba  Found  i1  in  f<  r  l  opi<  th  onservation 
2319  North  Cleveland 
hi  m<  I    50614 

www.ceiba.org 

Composite  Panel  Association 
15922  Premiere  Court 
Gaithersburg,  MP  20579-1574 
www.pbmdf.com 

Forest  Products  Laboratory 
U SPA  Forest  Service 
One  Gifford  Pinchot  Drive 
Madison,  Wl  55726 
www.fpLfs.fed.us 

Fores!  I  rodu  '  <5ocu : 
2501  Marshall  Court 
Madison.  Wl  53705-2295 
www.forestprod.org 

Forest  St  ward  >hip(  ouricil 
1155  30th  Street  NW,  Suite  300 
Washington,  PC  20007 
www.fscus.ort] 

Hardwood  Manufacturers  Association 
400Penni   •  ,   teS  uli  '  i  I 
Pittsburgh.  PA  15235 
www.  hard  wood  it 

sLi-Lvo-wl  Plyvv  lodandVen  « r  \s  >*!i  i  rtion 
PO  Box  2759 
Reston,  VA  20195 

www.hpra.ora 

National  Fl  i  1  /o  ;  umber  A   >oi  iation 
65;  01  ileigh  ■  Grange  Road 
Memphis,  TN  55154-0515 
www.natlhardwood.org 

Northeas  ernLumbei  M  inuf    turera    « -sociation 
272  Tuttle  Road 
Cumberland,  ME  04021 
www.nelma.org 

Society  ol  LhePla  a.    Indu  ti 
1667  K  Street  NW,  Suite  1000 
Washington,  PC  20006 
www.plasticsindustry.org 


Southern  Foresl  Pro  \m  I  .A  sociation 
2900  Indiana  Avenue 
former,  LA  70065 

www.sfpa.org 

Western  I .  I Q  I  n  I  umber  Association 
1501700  West  Pender  Street 
Vancouver,  PC,  V6C 1GS,  Canada 
www.wrcb.orcj 

Wi   c  n  A/ood  i  ■  din '  wv    n  iation 
522  SW  5th  Avenue,  Suite  1500 
Portland  OR  97204-2122 
www2.wwpa.org 

Wood  Truss  Council  of  Amerii  i 
6300  Enterprise  Lane 
Madison,  Wl  55719 
www.sbcindustry.com 

CSI    i » si  m  !  ;     rhermal     i     ore     -:  -  * 

sou   ,.»'   m,    >  >  h'  <  •"■    > 
7979  Old  Georgetown  Road,  Suite  500 
Bethesda.  MP  20514 
•  ■    i  iun(  ii.i  • 

,  |  m  :  i,  pin        iufacl  -     •  i  !{,"i 

1156 15th  Street  NW,  Suite  900 
Washington,  PC  20005 
wi    i!  phal  ro< Pi  ig.i  r< 

i   llui  >s  In  illation  l\  ai  ul  - 1  u  i   A    ociatiot 
136  icuthKeowi    Stre< 

Payton,  OH  45402 
www.cellulose.org 

EIFSIndu  try  Mi  nl       '    -ociation 
3000  Corporate  Cenl  :i  Privi  Suit;  27  ) 
i.iar-w. >■■■'■.  '-:'■■■■■ 
www.eima.com 

N;    on  if!  o<  fit    Conti    tot  -A  *ociation 
10255  West  Higgins  Road,  Suite  600 
RosemontJL  60015-5607 

www.nrca.net 


i  'i  hAmeri  in  n  ulati  mi   mi  I  ctun 

Association 
44  Canal  Center  Plaza,  Suite  310 
Alexandra,  VA  22314 
www.naima.org 

Perlite  Institute 

4305  North  Sixth  Street,  Suite  A 

Harrisburg,  PA  17110 

www.perlite.org 

I   iyisocoj  mi  rate  Insulation  Manufai  tu . 

k  50t  iation 
7315  Wi  ■  on  h  Cm  ',-  '  titi  400! 
Bethesda,  MP  20514 
www.polyiso.org 

Roof  Coir  ul1  an'  institute 
1500  Sunday  Drive,  Suite  204 
Raleigh,  NC  27607 

www.rci-oriiine.org 

'  ■  r(  ngln !<     ryl  lu«  iti<     I  Institute 
1025!  WH  jgin  Ri  id  Suite  600 

emonl  IL  60015 
www.nn  !.     'lyOO-  ri    l/riei 

Structural  Insulal    I  Panel  Ai    dation 

PO  Pox  1699 

Gig  Harbor,  WA  95355 

I  WW  ■■'<'"  -l!  I 

tucct  M  nui  o\  in      issoei  \\  on 
2402  Vista  Nohleza 
Newport  Peach,  CA  92660 
www.stui  ■   ml   "  soi  com 

V  rm  ul  11      •  -  *  iati  >n 
Whiti  gal     >cre,  Metl    ingh  iml  <  n 
Lincoln,  LN45AL  UK 
rn  L  ilrl     i 

i    ijvjsioi  01  •  Opening! 

Ami  He  inArchitectui  ilM  mul  i  turei   A:   o<  ation 
1527Walden0ffii    Square,  Suite  550 
SchaumburgJL  601734265 
.-vvviv.-i. -tii  u.    ..  ■  j 


,  meri<  in  H  i    »  reM  m  h   ;m    s,     oci,   \o  ■ 

SOI  North  Plaza  Drive 
Schaumburg,  IL0OT75 
wwwjhma.org 

mild  :rsHai  Iwi »'  M  ni  fa<  ui  rs  es:  o<  i;  «i.  n 
555  Lexin    on  \vi    i<  I5th  Floor- 
New  York,  NY  10017 
www.build  i  h  rdwan  .com 

Door  and  H    d\  i    Institute 
14150  Newbrook  Drive,  Suite  200 

Chatitilly.VA  20151 

www.dhi.org 

f/1         social  >n      lertl  '  n    k 
2945  SWWa  nam    ei  Drive,  Suite  A 
Topeka,  KS  66614-5321 

www.0la55web5ite.com 

Nation,  I    -.<•  i   itionl?  ting  Council 
6305  Ivy  I  m     uite140 
Greenbelt,MD  20770 

www.nfrc.org 

National  G    s*  sociation 
620i  Gn  nsbon  Driw    mhta  >( 
McLean,  VA  22102-5551 
www.gl '  ••  org 

Sealed  Insi  L  ting '  la;  ;M  nui  u  turfng  Association 

401  Nor  ill  i  lit  !    inAvenm  *  uiu  2400 

Chicago  I L  60611 

\>  ma   igm    \  lit    oi  "■  i ;,  r 

'  teelDooi  In  4 

30200  Detroit  Road 

Cleveland,  OH  441454067 
•'   ; .  ldoor.org 

Steel  Window  institute 
1500  Sumner  Avenue 
Cleveland.  OH  44115-2651 

f\  '•■,  ■'.    I  iridi  :••    om 

Window  a     Dooi     inuf     i    n      sociatt  n 
1400  East  Touhy  Avenue,  Suite  470 
Pes  PlainesJL  60016-5357 
•  .    ma.com 


CS1  Division  Of  •  Finishes 

. ,    u    ..-  -  .  ■•,;  «   of  i  n«  • 
2  Hunting    n   i    •    ngl 
Melville,  NY  11747-4502 

www.asa.aip.org 

Associatii  lofth  Wall  ind     In    industries 

In1        ion  il 
513  West  Broad  Street,  Suite  210 
Falls  Church,  VA  22046 

www.awci.org 

■  irp     ,,  '   ugli   til  it/ 
PO  Box  2046 
Dalton.GA  30722-2046 
www.carpet-rug.com 

1  eiling    im  Interii      <  ., ,   >(  on  >l  'uetion 

Association 
1500  Lin/  i  »:'       ;    mu,  202 
St,  Charle6fIL  60174 
www.cisca.org 

i     nil    -    '.  !   buti    *Ass<  iation 
500  Roosevelt  Road,  Dldg,  £  Suite  512 
Glen  Ellyn.IL  60137 

i/ww  tdahomc  >rg 

i  ypsum/4  sociath  i 

610  First  Street  NE,  Suite  510 

Washington,  DC  20002 

www.gypsum.org 

Hard?  i   ii   in  tfactui  < 

400  Penn  Center  Blvd.,  Suite  530 

Pittsburgh,  PA  15255 
•  hai  Iwoi  l.o  - 

Map!    boring  fvlanu        rersAssoei    - 
60  Revere  DriVi  Suite  500 
Northbrook.IL  60062 

"    pli  floot  org 

rial  Council  of/       -ttcah  on    I  int 
7150  Winton  Drive,  Suite  300 
Indianapolis,  IN  46266 
www.ncac.corn 


i       ;  ,.  .  .      Iation 
1500  Rhode  Island  Avenue  NW 

Washington,  DC  20005 
vww.paint.org 

Nation     .        oandMosaicAsi     iatioi 
201  North  Maple,  Suite  206 
PurcelMlle.VA  20132 

www.ntma.com 

National  ^     dFloorin     •      iati 
111  Chesterfield  Industrial  Boulevard 
Chesterfield,  MO  63005 
ww   wooi  floors.org 

P  into    ndDeco  itingi  <  nti  i<  toi   oi  A  \t  r 
1601  Park  270  Drive,  Suite  220 
5t.  Louis,  MO  63146 

>  rpdca.org 

Porcelain5  n  \\  i  (Institute 
5700  Mansell  Road,  Suite  220 
Alpharetta.GA  30022 
v 'w.poi    ii i  ;n imel.com 

Resiliem  Flo*     overi  ,h\  ititute 
401  East  Jeff i  rsoi  PS',  et  Suite  102 
RockvilIe,MD  20650 
-vww  .'  i.i  >n 

ferra  •    Hi ...  dM  rl  le/J     i  i    i  »n<  I  C  n  id 
'  5f3u   .  n  lillAvi  n      Ini1  " 
one.  c  0  1 1  s  .  . '  ,l  ana  a 
www.ttmac.com 

Tile  Council  oi  lo  th  America 
100 Clem,  on!     earchPS   ! . ■  • ! 
Anderson,  SC  29625 
www.tiieusa.com 

Vinyl  Insl   i 

1500  Wilson  boulevard,  Suite  &00 

Arlington,  V'A  22209 

www.vinyIinfo.org 

.■  Oi  i  'Hon 
4(0        :  n,  wnue 

Chicago,  I L  60611 

"    'erings.org 


PROFESSIONAL  I  TRAD 


Wood  Flooring  Manufacturers  Association 
22  N,  Front  Street,  Suite  660 
Memphis,  TN  55105 
www,  nofma.org 

*  ,  Divisioi  10     Spi  ii  ll   § 


CSI  Division  12  •  Furnishings 

Am    ,  ii    un  itcun    lai  h  un     A     »•  i  i  ion 

POBoxHPO 

High  Point  NC  27261 

www.afma4u.org 


), .  ialty  >1  elindu  I   'ol  Norl      e< ri<  i 
5050  K  Street  NW 
Washington  is  1000) 


W  I 


CSI  Division  1 3  •  Special  Construction 


National!  its  h<  i  nd     th   ssoci  ition 
65/  Willow <  n  reSti  i 
Hackettevtown,  NJ  07540 
www.nkba.org 


Amei     ii'    .i.   ,< '   urnitut   D    ignei 
I    I-  Wood  1 1 1  id  Drive 
New  London,  NC  25127 

,'*'•    !  fd.i   s 


/  mi  ii  it  I  in  Sprinklei  A  m  i  itioi 
12750  Merit  Drive,  Suite  550 

Dallas,  TX  75251 
www.sprinklerriet.orcj 


Partition  Manufactu     >of  Amerii 

iriseFligh 
PO  Box  105 
Freeport,  NY  11502 
www.aecinfo.com 

Porcelain  I  nat  lelli     ituti 

5700  Mansell  Road,  Suite  220 
Aipharetta,GA  50022 
www  ■  ■(«  l \  ft  n  im  i.com 


CSI  Division 


jipment 


American  Society  of  Safety  Engineers 
1500  EastOakton  Street 
Pes  Pla  i  nes  J  L  60015 
www.asse.org 

■  m  i  iPii  noi  l<  mi  -  ( pi    i<    M  nui  icturei 
1111 19th  Street  NW.  Suite  402 
v\    hingtoi    } 
www.aham.org 

Commies  iaIFo  0 :  jui    i  n1   •    'i     \ssi 
2.216  West  M   sdowv  ,     •  id,  Suite  100 
Greensboro,  NO  27407 
www.cfesa.corT! 

National   oii  iWa  U    1 1  in  gemenl  s  ■  m  iation 
4501  /f  i  .  ti  u   ''    nu  Ft  s  uils.    ;  i 
Washington,  DC  20005-2504 
www.nswma.org 

Solid  Wa  1   .'.-.  wd  ;i.  noi  Noi  !  Ami  rt  i 
1100  Wayne  Avenue,  Suite  700 
Silver  Spring.  MD  20910 
www.swana.org 


i  u:  ine;     md  Ii  A    uti  n  ill  urnittm 

Manni.r  turei    t  -sedation 
2650  Hori  on   rt    ?l  Su  teA-1 
Grand  FCapids.  MI  495467500 
www.bifma.org 

Homer"  in    hingslrh    national-     ■  »  iation 
POBox  420507 
Dallas,  TX  75342 
■  '.hfi  i.i  orn 

industrial  Fabrics  Association  International 
1501  County  Road  5  West 
Rosewlle,  MN  55115 
wwwjfsai.com 

International  Furnishings  and  Design  Association 
15i  '5.  W     ler!  »  id     41 
King  of  Prussia,  PA  19406 
ifda.corn 

in1  rnation  II  it<  riot ;i    i  in      •-«.  I  Hon 
Merchandi    I    rtPI     -  Suite  15  \0 
Chicago  ,IL  606540104 
www.iida.org 

Kitchi  nCa         I wsoci  ition 

1599  Preston  White  Drive 
PestomVtA  201905455 
e  ki  rna.org 

National  I  i    hen  and  I     h  A:  sociation 

'ill   w  wove  Street 
Hackettstown,  NJ  07540 
Mvw.nl  ba.org 


FireSuppi     t  n:  ■■  >U  n    /  wociation 
50244  (  impbell  Boulevard 
Baltimore.  MD  21236-5974 

vvwsfs  i.nel 

Metal  I  uil  ling  1 1  ii  ul  ii  tun  rs  Association 
1500  Sumner  Avenue 
Cleveland,  OH  44115-2551 
www.mbma.com 

Mo  lul  i  1    ,:  •  rig  In  Witul 

9440lei  .    :       in    Suite  204 

Charlottesville,  VA  229051450 
www.mbinet.org 

National  Burglar  and  Fire  Alarm  Association 
1500  V'al      '■  0  n  .     r      i 
Irving,  7X75062 
www.alarm.org 

,  itionalFii   2,  tectioi     w?ociati  >n 
;  i    t       ..i,  h  Park 
Quincy,  MA  021697471 

www.nfpa.org 

Steel  Construction  Institute 
Si  I  wood  Park,  Ascot 
Berkshire,  6L57QN.UK 
w  v    keel     i.org 

CSI     vision    ''      onv  syi  g  5ys  en 

Con    "  l  [tiij  ,w  ml  M  inul  ii  tun  i   ,'  >;  wial  ( n 
6724  Loan  Oak  Boulevard 
Naples,  FL  54109 
\f\ '  >    rnanet.ora 


Conveyor  Section  of  the  Material  Handling  Institute 
5720  Red  Oak  Boulevard  Suite  201 
Charlotte,  NC  20217-3992 
www.mhia.org 

National  Elevator  Industry 

P.O.  Box  dm 

Salem,  NY  12365-0^35 

www.neii.org 

National  Association  of  Elevator  Safety 

Authorities 
6957  Littlerock  Road  SW,  Suite  A 
Tumwater.WA  95512 
www.naesai.org 

National  Association  of  Elevator  Contractors 
1295  Wellbrook  Circle,  Suite  A 
Conyers.GA  30012 
www.naec.org 

CS!  Division  23  •  Hiding,  Ventilating,  and  Air- 
Conditioning  (HVAC) 

Air  Conditioning  and  Refrigeration  Institute 
4301  North  Fairfax  Drive,  Suite  200 
Arlington,  VA  22203 
www.ari.org 

American  Gas  Association 
400  North  Capitol  Street  NW 
Washington,  DC  20001 
www.aga.org 

American  Society  of  Heating,  Refrigeration,  and 

Air-Conditioning  Engineers 
1791  Tullie  Circle  NE 
Atlanta,  GA  30329 
www.ashrae.org 


CSI  Division  2§  •  Electrical 

Edison  Electric  Institute 
701  Pennsylvania  Avenue  NW 
Washington,  DC  20004-2696 
www.eei.org 

Illuminating  Engineering  Society  of  North  America 
120  Wall  Street  17th  Floor 
New  York.  NY  10005 
www.iesna.org 

International  Association  of  Lighting  Designers 
Merchandise  Mart,  Suite  9-104 
200  World  Trade  Center 

Chicago,  IL  60654 
www.iald.org 

National  Electrical  Manufacturers  Association 
1300  North  17th  Street,  Suite  1752 
RossIymVA  22209 
www.nema.org 

CSI  Division  32  •  Exterior  Improvements 

American  Concrete  Pavement  Association 
5420  Old  Orchard  Road,  Suite  A500 
SkokieJL  600774059 
www.pavement.com 

American  Concrete  Pipe  Association 
1505  West  Walnut  Hill  Lane,  Suite  305 
Irving,  TX  7505543005 
www.concrete-pipe.org 

American  National  Landscape  Association 
1000  Vermont  Avenue  NW,  Suite  500 
Washington,  DC  20005 
www.ania.org 


Asphalt  Recycling  &  Reclaiming  Association 
5  Church  Circle,  Suite  250 
Annapolis,  MD  21401 
www.arra.org 

Associated  Landscape  Contractors  of  America 
150  Elden  Street,  Suite  270 
Herndon.VA  20170 

www.landcarenetwork.org 

Construction  Materials  Recycling  Association 
PO  Box  122 
Eola.IL  60519 
www.cdrecycling.org 

Deep  Foundations  Institute 
526  Lafayette  Avenue 
Hawthorne,  NJ  07506 
www.dfi.org 

Ductile  Iron  Pipe  Research  Association 
245  Riverchase  Parkway  East,  Suite  0 
Birmingham,  AL  55244 
www.dipra.org 

International  Association  of  Foundation  Drilling 
14150  Dallas  Parkway,  Suite  510 
Dallas  TX  75254 
www.adsc-iafd.com 

National  Asphalt  Pavement  Association 
5100  Forbes  Boulevard 
LanharmMD  20706 
www.hotmix.org 

National  Stone  Association 
1415  Elliot  Place  NW 
Washington,  DC  20007 
www.aecinfo.com 


American  Society  of  Mechanical  Engineers 

Three  Park  Avenue 

New  York,  NY  10016-5990 

www.asme.org 

Home  Ventilating  Institute 
1000  N  Rand  Rd,  Suite  214 
WaucondaJL  60054 
www.hvi.org 


American  Society  of  Sanitary  Engineering 
901  Canterbury,  Suite  A 
Westlake,  OH  44145 
www.a65e-plumbing.org 

Asphalt  Institute 
2696  Research  Park  Drive 
Lexington  KY  40511 
www.asphaltinstitute.org 


National  Utilities  Contractors  Association 
4501  North  Fairfax  Drive,  Suite  360 
Arlington,  VA  22205 
www.nuca.com 

Plumbing  and  Drainage  Institute 
bOO  Turnpike  Street,  Suite  500 
North  Andover,  MA  01545 
www.pdionline.org 
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Sponsoring  Organizations  for  Model  Cocks  cintl 
Standards 


America!  N    01  il  31  mdardsln  ititut 
1319  L  Street  NW 
Washington,  DC  20036 
iVi-vvv..  in:  ■;..:■■•  v; 

American   ociet^  fo  Fes  hi  n<   /later   I: 

100  Darr  Harbor  Drive 

P0P)oxC70G 

West  Conshohocken,  PA  19423-2959 

www.astm.org 

American.'  oci<  i   of i ....  f"1  ngineei 
1300  East  Oakton  Street 
DesPlairiesJL  60013 

WWW..  "■:'=:  ■>'     'IS 

Building  mdl  irePe;  ean  hLaboi  tory 
National  Institute  of  Standards  and  technology 
100  Bureau  Prive,  Stop  3600 
Gaithersburg,  MD  20399-3600 
www.bfrLnist.gov 

Building  I .  .   r  hi     iblishment 
Bucknail  i  me     i  U  n 
Watford.  WD259XX.UK 

www.bre.co.uk 

International  As  id  iationol  Plumbing  and 

Mei  hai  i<  ilOffii  i  Is 
5001  E.  Philadelphia  Street 
Ontario,  CA  91761 
www.iapmo.org 


international  Code  Council 

500  New  Jersey  Avenue  NW,  8th  Floor 

Washington,  DC  20001-2070 

www.iccsafe.org 

Internationa]  Organization  for  Standardization 
1,  ch.de  I,    oie-Creu     (       posl  lie  50 
CH-1211  Geneva  20.  Switzerland 

www.lso.org 

National  In  titufr  "I  51  indard;  md  technology 
100  Bureau  Drive,  Stop  1070 
Gaithersburg,  MD  20399-1070 

www.nist.gov 

N  ition  !l&  .■  ii  hi  ourii  ilof(  m  d  i 
1200  Montreal  Road,  BIdg,  M~53 
Ottawa,  ON,  K1A0R6,  Canada 
i v  win    m    •  .  i 

Offi     >i '  in  ' r  \  ffii     cyandRi     a  !»i  I  nergy 

Mail    top  .   ! 

U.'   Depa  •  Hi  it  of  I  ni  wgy 

Washington.  DC  20535 
■  •  ■  n   g  v. 

Underwriters5  Laboratories 
>3   Pfing  ten  Road 
Northbrook.IL  60062-2096 

www.ul.com 


Aden.  Edward,  Joseph  lano  and  Patrick  Oand,  Architectural  Detailing,  2nd  Edition,  John  Wiley  &  Sons,  2006, 

Allen,  Edw  \rd.  Fundamental      I       ..      •  ..  .  -      ■       hn  Wil 

Allen,  Edward,  and  Josepl     wo.TheArchM        udlou      ..  lition.  fi      iSoris,2006, 

Ambrose,  James,  and  Dmitri  V'erop,  Simplified  Culling  Design  for  Wind  and  Earthquake  Forces,  3rd  Edition,  John  Wiley  &  Sons,  1997. 

Ambrosi ,  I  in       ndjeffn        i    •<   .     ■■  .  ling  Sound  Control.  M     i\  ,        mf  19!  >. 

Ambrose,  Jamei    nd    itrickTrip        0   ,■    o     -.-  ,   ructu    .  '  ,e  0.    n,     hn  Wiley  &  Sons,  2007, 

Ambrose..  James,  Simplified  Design  of  Masonry  Structures.  John  Wiley  &  Sons,  1997, 

'Of       Jame:     i      ;  -    ,  '    ;  •      fllfiedPes      c         ,        i        h  Edition,  J  ■!■.!■  /il  /<  S  n: 
Ambrose  '  imi       idh  v.  Sit,  h  Edition.  Ji  hi     il        o  i  ■0997, 

Ambrose, Jam      m  Patric!     ipen     impl,     IE     wei     •,    ,  '     -        ■    "'   ,    ;    h  dill  ,,  (ohnWii    -    -•'<*, ,2005, 
American^  mcrete  Institute.       //       /     ,  ui,  men        Structural  Cor,  0  2005, 

American  Con  *  U  in;  ituO       nualofConcrei       .  i  Isi  on  CD-Rom. 

,  i  u  rii  mCom    i   in:  titui  ,.      ■■.        ;/  •;,        \     Oh  edition,/       Of 
American  i  i;  tii  il    >i    rchiteoi     fh    n\    •  ,,  ■•  l  hn  Wiley  &  Son         i    Wi  ;   >u|  0- 1  ien1    (1     0  I99&) 

Also  on  CD-Rom,  1999. 
American  Institute  of  Timber  i   nstructiom  Timl    Con     iction  Manual    thEditioi    iohn  Wiley  &  Sons,  2004, 
American!  del   •   Hi  itingO   fi  j,    ion  md Air-condi'1  mil        i  \SHRAi     eenGuide/h  lEditioi  s  HRAE,2006, 

American  Soi  ietyofHeatii     Refrigeration  in     :>    .  lingEng  50,    00  iJ    /  -",    \C  \\  I    t  m    ^SHl  AI 

2007. 
\n  h  ■•  ts/i    .•',,,  ei  a'.  ,, ,     foi   n     II     .         I  •     roIinaChapl      \rcl      turai  Pesoure  Gun  '•     '■>'•  SI    !{<  >9  AI  o 

i  1CD-R01 
1  ill  i     Pav  I  Kent,  Handba         •     i  <        i.        on,  John     ley  &  Son     •". 

Oarrie,  Donald  S„  and  f%dC  Paulson,  Frofei     i        istruetl       ,      r<      >>   ition.Ma        dill  2001. 
Dockrafh  lo  ?ph  T,  Contract    md  the  Legal  Emit     •,     for  Enginee     idArciiiteci      th  Edition,  Mi    i  ,  Hill  1999. 
r'  i  i. ,  i  )beri    i  >wn    standard  Handbool  •      ,  erin     i       w-Hill 

o  i  j  h  A  Wii  es»  and  William  J.  Cavariau        itoi       )  *  •   •  icipl      id  Practice.  J  hnto  l 

Oh  ;  !    n     D.I  ,  chn  ctural  Graphics,  4tl        on,  John  Wiley  &  Sons,  2002, 
Ching, Francis DI, Architectun     m       <eean  d      bk  John  /ileyi    >ons»2007. 

Chinee  Francis  O.K.  el  We/.  l  Dictionary  •       <'•<■'',       >n 

Cbiii/].!  rands  P      mdSi       R.Wini         0,    .  0         i      Understanding  the  intemafa  iali  uii  Hit  Code/M 

Edition,  John  Wiley  &  Sons,  2006, 
Cote,  Ron,  /  fe  Safety  Code  HandhokCl     '■     IFi      i       bio         <     i<  n,  1997. 

C  (  bii  Michael,        I  Donald  Watson,  Ore,         rS       ret  ctural        i,  Oth  Edition,  McGrse   Hill    i  (  I 

DeChiaraJ    ep!    u  u     in    •  md   iartin  Zelnika  00         .  .<    i   ■  •  d Space-Pi  ming     dEditioi  McGrav  Hill 

2001, 
Evan  Ten  /A    octal      Pocket  Gut     oik  \n  '•       eabilh  ■■      ••  ■     uio  //?«    -  .  y/i  0     .-0  ,.  ilitk 

Edition. Johi    0.       ms,2006. 
;!,..  ker,  Jof  .  •    d-o,  A,  Go        Residential;.       Desman      ■   ~.-,  tmEn     ,   •<,     ....      5   •,/.  Code  Complian   .McOraw 

Hill,  1997, 
Hewlett,  Peter 0.  editor.  Lea  ■•  ■,■   ?fetryo!  ■  itlon.Joh  »on    2004. 

Hornbostel  ' ,  iO   •  *    ■• ,        /    ,  •.  I      [       iing(2007. 

HurdOvll    ',.-•.'.■     e     .    "' ,!      i,  (  :     ■  .  ^  ..    r 

International  Code  Council.  2000  EX  Structural/Seismic  Design  Manual  Volume  I  International  Code  Council,  2000, 
International  Code  Council,  0000  International  &uildingCodeAntemt\ona\  Code  Comc\l2006. 
tarnation  il  Code Coi  061     national Ene,  ■     '     •-.    :  ■        Honal     leO  um  il,2006. 

International  Code  Council.  2006  international  Fire  Code,  international  Code  Council,  2006, 
International  Code  Council,  2006  International  Mechanical  Code.  International  Code  Council,  2006. 
International  Code  Council.  2006 international  PlumMng  Code,  international  Code  Council,  2006, 
Internation  \\  Code  Council  2006 In  \        itional  Code  Cou  icil,  2006. 

International  Code  Council  feeemieeeWeO  Lateral  Force  Keauirements  and  Commentary,  7th  Edition,  International  Code  Council  2002, 


fmtmmmii 


Etching,  Ralph  tff .  Architects  ' Working  Drawing   4th  Edition  lohnWileyi     oris,  1999, 

Martin,  Leslie  D.,  and  Christopher  J,  Perry,  PCI  Design  Handbook  th  Edition  Pres  n  ?sed  Concrete  Institi  te,2O04. 

Masonry  l«.  ti  ute <   Amerii      Masonry  Design  Manual,  4th  Edition  M    onryli    itute  of  America,  2006. 

Masonry  It  a  tmla  of  Am.  i<     Reinforced  Masonry  Engineering  Handbook  5th  Edition  M    onn  Instil  iti  o\  \m<  icas199S. 

Miller,  Rex.  Electrician's  Foe  i  ' » '  ?/7/      /IcGraw-l  lilt,  2000. 

Mooi  ,1  iS    £/m/  m   •/'<<«(. »/,.'  '/Sysfi  j    r/  iting,G  //  ;  vv/'..  Mi  -,e  '-Hill  i  ,(<< 

National  Roofing  i  >nta  ors/  sociation  ,;'  ".  \  Roofing  and  Waterpi   fmg  Manual  l-th  Edition,  Nl   A,  1998 

O'd  ien  laira     mdi    drii  1  Plotnicl  60  iin  onstruciion Mai  ig  meni  6th Edition  M  i  i  iv  Hill  2005, 

Dnouye,  Barry,  and  Kevin  Kam  Stalk    md  Strength  of  Materials  for  Architecture  and  Puildirk    »/    ruction,  cjrdt  lition.  Prentice^ 

Hall,  2006. 
Ono  '■  da   y  Stati     n&  ''trength  of  Material  Foundation  for •Structural 'D,  /#/?.  Prenti      all,  200 
I  attersi  i  lame:     ot/?/j  /  W,  signfoi  ',    (ding l  re<   fet\   k  hn  Wil  a  &Si  n    1993 
Puet  oy,i  >b(  ;L,  Clifford  J.  5h    naydet    ndAviad:  lapira    -,   ruction  Harming,  Equipment  md  Method    \\\\  ition,  McGraw 

Hill,  2.005, 
\amseyO  i   •    Georgi  HaroldSli  pei     idAIAStafl    \rch  ecturai  raplv    *' ,  lard      hEdil   n  loh    v'ileyS  -oris., 2,007. 

Also  on  CD-Rom,  2007. 
Rea,  Mark  5.  It  HAll  rtingHandtwl   J"  ;  lition.  Illuminatii    Engine*  ing  >o    tyofNortl       ri  i.  2000. 
\eynolds,  Don  ild  I     nd  R.S.  M    ns  Staff.  Fesi  'ei  ti  »'•  light  i  -  /  wi  n  ml  Con  tm  Dion  I  i ;,<< \        i !  i  !i. i  >i  f      M  ins,  2002, 
Richter,  H.P.,  md  F.  P.  Hartwell,  Practical  Electrical  Wring,  Park  Publishing,  2006, 
!  iltet  Charl      \cousth    \n  ntecfurej   iin  rimgti   Environment  William     out  Pi  -I*  hei     '   '.  ■ 
Schodek,  Daniel  L,  and  Martin  I     htold      uctun    "'>     ition.  Prentic<     ill  2007, 
Scott,  James  G  .Architectural 'Building  i  ■  ■  A  Graphic  &    ren    John  Wiley  (    on:   !! 
Simmons,  H,  I  sli    Olii      m  '■■    <■   -  ,   ■  <•'    Match    ,.•  I  Method     thEditio    '  i  :5'  !      Son    !006. 

hern  Forest  Prod u         .octation.So  hen  pin     .    •      5FPA,200' 
Stein  Benjamii   t%/M'/i  '    wlogyih    hanicalandl     trica      ■     •    tnd  Edition.  J  •'•    V         *ons,1     , 
Stein  %  nj  imii  Walter!  (Srondzik,  Alis.       i    < ,   ;     '       eynold         imicai  and  El         Equi        ■       ild       Oil 

Edition  John  Wiley  &  Sons,  2005. 
Underwriters' La!     i1     <    '  -     '      •  -     !  ■'•'■'     iL.,20 

Wakita,  Osamu  A.,  and  Richard  M.  Lind<    '       mail  f  Architectural  $  •         !  Edition,  John  Wil 

2003, 
Wa  ion.  Donald  /M  Ewer;    •"'.••'  fyrArchiU  tumlEd  IgnData   D-Rom.  Mc<  aw-Hilij!  )  , 
estern  Woo  Is  Products/     ociatioi     '    eratfei  ;-     W,4th 
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Absorption  refrigeration,  11,16 
Access,  See  also  Americans  with  Disabilities  Act 
(ADA)  of  1990 

building  codes,  2,05 

site.,  1,26 
Access  floor  systems,  electrical  systems,  11.34 
Accessories,  trim,  plaster,  10,04 
Acoustical  ceiling  tile,  10,22-10,25 
Acoustics; 

building  site,  1.25 

gypsum  board,  10,11 

sound  control,  A.14-A.17 
Active  solar  energy  systems,  11.15 
Adhesives,  materials,  12,20 
Admixtures,  concrete,  12,04-12.05 
Adobe  construction,  wall  systems,  5,31 
Aesthetics,  building  systems,  2,04 
Aggregate,  concrete,  12,04-12.05 
Air  distribution  outlets,  mechanical  and  electrical 

system  s0 1,21 
Air  motion,  thermal  comfort,  11.04 
Alternative  energy  sources,  11,07-11,00 
Aluminum,  materials,  12.09 
Aluminum  windows,  024 
American  Society  for  testing  of  Materials  (AStM), 

12,05,  A.23-A.25 
Americans  with  Disabilities  Act  (ADA)  of  1990,  See 
also  Access 

bathrooms,  9.26 

building  codes,  2,05 

door  hardware,  0.19 

elevators,  9,16 

garage  ramps,  1.29 

guidelines,  A.05 

kitchens,  9,22 

pedestrian  circulation,  1,27 

stair  requirements,  9,04-9,05 

thresholds,  0.19 

windows  and  window  frames,  0,22 
Appliances,  kitchens,  9,23 
Arches; 

masonry,  wall  systems,  5.20 

structural  system,  2,25 
Asphalt  shingles,  roofing  underlaymient,  7,03 
Atmosphere,  sustainability,  1,05 
Attics,  ventilation,  7,47 


Awning  and  hopper  window,  0,23 


Balloon  reaming: 

wall  systems,  5.41 

wood  joist  floor  systems,  4,20 
Carrier  wall  systems,  7.25 
Baseboard,  mod  moldings  and  trim,  10.26 
Basements,  foundation  systems,  5.04 
Bathrooms,  9.26-9.30 
Bathtub,  9, 9.27, 9.23 
Batten  doors,  0.09 
Beam(s); 

concrete  floor  systems,  4.04 

steel  floor  systems,  4.16-4,10 

structural  system,  2,14 

wood  i\oor  systems,  4.55-4.57 
Beam  pocket,  wood  joist  floor  systems,  4,20 
Beam  span,  structural  system,  2.15 
Bidet,  9,27 

Bike  paths,  pedestrian  circulation,  1,27 
Bin  wall,  slope  protection,  1.50 
Biomass  energy,  alternative  energy  sources,  11,07 
Block  wood  flooring,  10,16-10,17 
Board  siding: 

horizontal,  7.34 

vertical,  7.35 
Bolted  connections,  2,50 
Bolts: 

joints  and  connections,  2,50 

materials,  12,19 
Braced  frame,  lateral  stability,  2,22 
Brass,  materials,  12,09 
Brick,  materials,  12.06 
Brick  veneer  retaining  wall,  1.33 
Brightness,  lighting,  11,37 
Building,  2.02-2,30 

Building  codes,  See  also  Regulatory  factors;  Zoning 
ordinances 

described,  2,05 

means  of  egress,  A.10-A.11 

windows  and  window  frames,  0,22 
Building  context,  building  site,  1.02 
Building  live  loads,  A.06 
Building  materials.  See  Materials 
Building  site,  1,02-1,50 

access  and  circulation,  1,26-1,29 


Build 


"0^ 


'continued) 


context;  1.02 

d  yligbtingj,19 

Fi  in    tii  ,  v  I  ;ms,3.17 

paving,  1,54-1,35 

plant  mal  ri  lis,  1.12-1.13 

precipH  tionj.20 

regulatory  factor:  ind  oningJ.24~1.25 

site  d»  -  rj  Ik  ml  35 

<i>   j .  ;      x  —1.37 

slop-  proti  tionj  30-1.33 

5oiisJ.05H.09 

solar  radiation  J.14-1,10 

sound  and  views,  1.23 

'ilil    m    twin  im  n  ili:  m  , 0   -I.' J7 

top<  |i  ij  hy,  1.10—1.11 
Bui  ling   m  m  .2.03-2.04 
f3uil1    ;•!    hm :      1    i    noistureandtla  rm  i! 

protection  .7. 14 
[3i  ttj    ii      tru    u    I         m  :  .00 
Oypa       iding     ts  J  .04 


Cabinets,  kitchens,  9.24 

Cable  anchorage,  connections,  2,30 

Cable  structures,  2.20 

Caisson  foundations,  3.26 

Carpeting,  9,32-9.53 

(  ".  i,„  nt window,. 

Casings  wood  molding     n.    rim  '0.27 

Catch  ba:  n    I   inage,t21 

U  im  i  n  di  lin  ig  I  1 
Ceiling  details,  plaster,  10.06 
Ceilings: 

acoustical  ceiling  tileJO.22-10.23 

..,  !     ri     trdJ0.11 

plaster,  10.05 
Cement,  concrete,  12,04-12.05 
■  em  ntitioi    roof]    nks,6  15 
Ceramic  tile,  10.12-10.14 
Chimneys,  9.20 

Cir<  uit:  • !    ■  ■   I         rn    11,32 
.    cul      tairpian   0 
Circulation: 

building  site  J. 26 

pedestrian  J. 27 

vehicula    i   3 


Cisterns,  precipitation,  1.20 

Clay  tile,  structural,  wal!  systems,  5,20 

( limatf  tops  |i  iphyj.11 

Climate  <  i,  rigs    »u  I  lin;  bility,  I  f6 

1  losi  -  dooi  iand  lo  >i  e,w,<   ,0,2.! 

Coating  -.mat*  rial5j2.21~12.22 

Codes,  Se;  5  dam  jcodi  J  egul  itoryfactors: 

■-I  iii0 <  rdin  mces 
Coiling  doors,  0.15 

i  din  i  fon  .      trui  tui  ii  Forces,  2.11 
Color,!  ighting  J  1.39 

Column  I  toting:  I   in<    [4  n  >y  >ti  m  »  5.16 
Columns: 

concreti   vail    'stems    04  -5.05 

masi  nry<  <  lu  tin  •  ind|  lastei  >,  wall  systems, 
5,19 

j  '. .  !  '   on   ■  •   iv.  II  >y  terns,  5.11 

steel,  wall      terns,  S  57  5.50 

structural      tern  2,13 

wood      '  -    i.  in  ,5.47 
i   ,s  lionbuilditii     d«  s  2.05 
Com]      i  |l     roofing,  7.06 

Concrete,  materials.  12.04-12.05 
Coi    i      olu        .    '     -         5.04-5.05 
Concrete  floor  systems,  4.05, 4.04-4.15 

beam     '0 

formwork  and  shoring,  4,10 

precast,  4.11-4.13 

prestressed,  4,00-4,09 

slabs,  4,05-4.07 

vi  dfl    ring  10  I' 
Concreti  I     nwor!      II     •    ms,5.07  45.00 
Com  cm  h  irii     M';  wall  ,5  12 
oncretem    om        terial    12.07 
Coi  n  U  masont   I   ind      n  \  •'<  ,3  12-5.15 

■    icrel    el  i i  \v  ill    I  '2-1.55 

Cora  reterool      ten  05 

precast,  6.04 

reinforced  slab,  6.04 
Concrete  slabswawgra  Ii    ound  i  ion   ;  items,  3.04, 

5,10-5,21 
Concrete  stairs,  9,10 
Concrete  suri     ng  <■<  II      I  me  5,09 
Concrete  walls: 

q  |     i     >ard  10,10 
■  ms  5,06 
Concu  i.  n1  fi  *     >  »tru<  tur  Ifona     !.11 


i  ondi  isa  <  mitis  istun  . «'  itrol.7.45 
>  ondui  ism  th<  rm  ilcoml  >r1  10  '2 
Connectii  m  .See  il  io Fasti  ning  .miscellaneous, 
materials 

precasl  com  reti  floor      terns,    15 

prei  «  m  eti  wall:  ems, 5,12 
teelbeamflooi  ,  5  ms,  4,17-4.10 
trui  tu  ail  sys  em,  230 

woth\i>  irnflooi   y <,*  m  ,207 

i  'i o  Ipo      ind  b(  n '-'  ills '  men :  5,49  5,5i ! 
Con  uiin  tionji  ints,concre1     lal  >on  grade 

f<  •  datiom    <  \  > 
!    i   truction  practim       lid  ingsy;  U  ms  2.04 
Constrni  tion   pecil    ition  Ii  OitiA  (CSI) 

Masterformat,A,19-A,22 
Constnii  tioi  \  /| . 

fire  protection,  A.12-A.15 

overview,  2.06-2,07 
Coi  U  :1  buildii  g  >iO  0  '■■' 
•    itourline    to  !  »graj '..  1.1    0.11 

11.37 
i  on     <;••:,> 

cm     I     la      ng    led   ind  itions,5.19 

n    onr\    -;    •    em    5,22 
tucco,  7.3/ 
Conv    tioi    !       "      •'■ "  11.03 

I .  ,.■    I    11  i  9 
Cooling  systems,  11.06, 11.16 

ppei   materials,  15509 
Cornice,  10.26 

(  i  rrug  ited  i   1  ilro  ihi.j,  7,10 
Countertops: 

kitchens,  9.25 

plasti  m  nil  iti    0,50 
i   uplel  i.      /  »5  n     r  -  m  ilfors  »  2,11 
Crawl  spas  s 

found  ition  •,  >1  ms,  5.04, 5,11 

ventilation,  7.47 
Cribbing    ill    i  ft  pr   .   tioi   l.3i 
Curbs,  ped      ian  in   I  ition  J, 27 
Curtain  walls; 

generally,  7,24-7.26 

jl i   d,d  a  0,55 

m  iS{  nryvi  neei  '  !9 
i  ylindei  lock,  doors  and  dooi  frames  '  19 


II 

i    -...I,,    ii   in.    ii 
1    idli    1    d<  fi  id  2.05 
Decking: 

i  lill  u|  ro<  fing    '  tern  ■  '  I 

n      i    )       terns,  6.14 

si    Ifloo    ystem  -.422 

woodflooi  sysl  ms  140 
Deepfound  tioi    Pouni    tioi  em  terns  5.24 

;  i.    ; ,        .  w  i  i    bility,1.05 
Details,  plaster,  10,06 
Dewaterin    foui    itioi    s     ?ms  5.07 
Dew  point,  then  ialc;  mfort  1105 
Dimensions: 

furniture,  A.04-A.05 

human,  A.02 
Di    c\  g  tin  p  s  iw  sol    < .  sign,  1.17 
Domes,  structural  system,  2.26 
Door  knobs,  doors  and  door  frames,  5.19 
D  wsanddooi  frame!  i  .02-5.21 

bathrooms,  9,28 
)kii  if    id    "!  ;  ilidi  i :  :;  ors,  3.12 

glass  entrance  doors,  5.14 

hardware,  0.17-0.20 

hollow  metal,  5,05-5.07 

operation,  5.04 

)Vi  ,,i,  I  indi  )iling  \oo\    3.13 

overview,  5.02-5.05 

panic  ham '<  re  in<       ers  5.20 

plaster  details,  10.06 

revolving  doors,  5.16 

sliding  glass  dooi     01 

storefronts,  5.15 
'eather: .  ipping  md    n  ?  holds  5.21 

>  ,  -'  l  ■    i    ne:    >.1C 

wood  flush  doors,  5.05 

wood  rail  an       ledoors  5.09 
Do    !.  'i  ire  i  idow.5,25 
•    mspouts.Seewutl         i    \o   <  ,   ul 
Drainage; 

liidi  ig  site,  1.21 

foundation  system    _  •     5.10,5.14 
,  ;  1.5 

rel  •  i  p  rails,  1.32 

roofing  7.17 


Dry  glazing,  5.25 

Pryston  i      ni   (wall  155 

Dy     nic  loads,  d   ined  L05 


_  «' v..   !,       ■    |,      ibed  2,10 

fl     ling    »  fiug  7.05 
Economic  cto     buiidi      ystems  2,04 
Egress,  means  of,  A.10-A.11 
El     ieh  ,mati  rial:  12.02 
Electrical  supply: 
bathrooms,  9.50 
kitchens,  9.25 
Electrical   /stem    (1.50-11   5.  See  a  *o  Lighting; 
•'    S:   ii.  il    /st    is 
access  flo    '<;,  >1  mis,  11.54 
circuits,  11.32 
heating  systems,  11.12 
i  ,  ;ing   /s     is(radi  nt),  11.15 
outlets,  11.55 
power  source,!  1.30 
.  "i,.    11  51 
wiring  11  55 
Elevators,  9.14-9.16 
I  ncl    ui    system  building  ystem     !.C 
Energy,  su  »1    n  bility  1.05 
Ei     iya  m  i  i|  tii ,       ;1  linai  I 
!  i    gy    -ii,.        i     i  ith    mi  hanical  in 

electrical  >y  »1  ms  11.07- M.O."  See  also 
Electrical  supply 
Entrancf  :-  n    glass,  5,14 
Environme  talim    c    building  sy    em:  2,04 
Equilibrium     ructural,2,12 
Ei    ioi    lop*  protect!     I     ) 
Escalators.  9.17 

t  >w  i      ion,  thermal  c<  nfo  i  Ii  05 
:    avati      u  pi  rtsys    n    fou  • :  .    ns    tei 

5.07 
Exits,  mean:  ofegi  ;ss,A.10~A.11 
ionbi       rial      I     2,20 
nj  m     m  is  llsysfc  m   5.22 

Expansion  shields,  materials,  12.20 

iorinsulatio    ndflni      -     ms  755 
Eye,  Sighting,  11.37 


sanitary  systems, 
I    -alls  '!  25 


,27-11,25 


f 

Face  glazing,  5,25 

Fastenings,  miscellaneous,  materials,  12.20,  See 

also  Connections 
Federal  Fair  Hou      ,        F  A   -4955,2.05 
i1  ting  '  .46 
,r    I,  s  505 
;  ni  ii        thn  »n    9  '50 
Finish  systems,  7,55 
Finish  work,  10.02-10.30 

ceilings,  10.22-10.25 
r  mi  til :  u '  XI  10,14 

flooring,  10.15-10,21 

gypsum  b    i    i   09-10,11 

piaster,  10.05-10.05 

plastic  laminate  J  0,50 

plywood  veneer,  10.29 

wood  joints,  10.24-10.25 

woodmol  ling    ndtrii    10,2     10.27 

wood  paneling,  10,25 
Fireplaces,  9,15-9.21 
Fireprotei  tion: 

building  a  les.2.05 

construction  types,  2.06-2,07,  A.12-A.13 

<u    lirn    lis  724 

gyj   ui    i  ird  10.11 

mechanical    \d  electrical       •  ms  425 
Fixed  joints,  2,50 
Fi  edwii  low,  5,25 
Flashing: 

si1    roofin 

m      i     nd  thermal  ion,  7 15 

roofing,  7,19-7,21 

walls,  7,22 
Flal  rool    «s  mblie 

ii    ■  n   a   11      n  ilp      cti  ,■  '.12-  •'  13 
•    i     mil 
flooring: 

bathrooms,  9,50 
r    "  , ,  '  .52  -  .35 

c«    tmic  iii  l(  ,- 

Kitchens,  9.25 

resilient,  9,51 

stone,  10,15 
e     zzo,  10.15 

wood,  10.16-10,17 


W>i. 


:  lidin  ]gf<  ssdoors,  5.11 
>li  in  (window  ">    ) 
Slope  j  ro1  ctiombi  il  ling:  ite.  1,50 
>lopi  I  -i    md  fou !  ia1  on  >  l    i    5 % ' 
Slurry  walkfoi  ndati  nsy  r|  ms  5.07 
Snow  loads,  defined,  2,05 
Soil(s): 

building  site,  1,05 

foundation  systems,  5,02-5.03 

loads,  2.05 

i'i  iningi*  ills,1.;     i.55 

slope  protection,  1,50 
Soil  binders,  slope  protection,  1.50 
Soilmecm  nics,l  uilding  site,  1.09 
.i    design    i    m    mil  lin<  -iti     17 
Solar  energy  systems: 

active,  11.15 

alternate     ierg\   (  irces  II  07 
Solar  radiation: 

alternative    i    jy  ources,  11,07 

building  site,  1.14-1.15 

curtain!    lis, 7,25 

thermal  comfort,  11.05 

1  j  ','  phyJ.n 

Sol  i  5h i    . ,    jiti    .15 

Solid  core  doors..  5.05 
Sound.'1.  'Dii, lies 

building  site,  1.23 

control  of,  A.16-A.17 
Spaceframei  s1  el,roi  I  ;,  terns, 6,10-6,11 
Special  construction,  9.02-9.30,  See  also 
Bathrooms;  Elevators;  Escalators; 
Fireplaces;  Kitchens;  Stairs 
Spiral  stairs,  9.07,9,12 
Spn  i  Ifoo  ing    foundation  sy;  terns,  5.09 
Stability; 

lateral,  2,22-2.25 

materials,  12.02 
Stains  mat  mi  il  ,  12   ; 
Stairs; 

concrete,  9,10 

design  of,  9.03 

ladders,  9,15 

pedestrian  circulation,  1,27 

plans,  9,06-9,07 

requirements,  9,04-9,05 

spiral,  9.12 


steel,  9.11 

woi9D(d-9D9 
Static  loads,  defined,  2.05 
Steel: 

materials,  12.05 

reinforced  concrete,  12.05 
Steel  base  j  iati    fi  in !  il  <  i  walls,  5.15 
Steel  beams./,  odjoh  1  Root  sy  items, 429 
>,    Icolumi  fa  1  ng  >  {  in   ition    "  ten <  r>  16 
Steel  column      i      sterns  5,57-5.35 
Steel  floor  systems,  4,05, 4.14-4,25 

beams,  4.16-4.15 

ligh  i  iui    jo    s.4.23-4.25 

metal  decking  4.2.2 

open-web ji ;  i  -  1,19-4.21 
true  Ei    I;  E-  Ifra  ning  I  1 1-4,15 
Steel  framing; 

roof  systems,  6.06 

roofsysti  ms  li  hi  gauge,  6,15 

wall  ?ys1   i      ',35  5,36 

wallsy  terns, I     D-gaug      ud      r»')-f>  1-0 
-i    Ijoi    a     .i  ■•  • ,  i  - ;  v  U  ir  '''.12-6.15 
St .  1  rigid  '     n      oofsysl  ms  6,07 
Steel  space  frames,  roof  systems,  6,10-6.11 
Steel  stairs,  9,11 

Steel  trusses,  roof  systems,  6D&-6D9 
i    ;        ws,5,25 
ti    looi         Wood  ail  i       il  dot 
Stone,  materials,  12,10 
Stone  flooring,  10.15 
Stone  masonry; 

i  i  !i  g  '  II  I,  ,r 

wall  system       S3 -5.34 
toi     •••i,,   walls,  7,50 
m,  ■,  fron  Kilo     ,  nddooi  frame    5.15 
Stoves,  9,21 

Straight-run  stair1  plan,  9,06 
Strain,  ma1    i  ils,12.02 
Strip  wot    flo<  ring  l(  IS- (0.17 
•1  uctui  licL  y  ile  •'  ••  >y:  terns   -  V 
Structural  equilibrium,  2,12 
Stru  tut  ilfor    >: 

columns,  2.15 

Mi  i    !      S.M 

Structur,  Igaskel  glazing,  5,25 
Structural  patterns,  2,21 
Structural  spans,  2.20 


Structural  steel  framing,  steel  floor  systems, 

4.14-4.15 
Structural  system; 

mm  3  mdv  ults,2.2! 

beams,  2,14-2,15 

building  systems,  2,05 

cable  structures,  2,25 

columns,  2.15 

■■•.ON  e:  ■..'.:■•■:•■■ 

is  tin     i  d  /all 

joints  and  connections,  2,50 

lateral  stability,  2.22-2.24 

membrane  structures,  2.29 

pla      {  i   ii  e:    !  5 

shell  structures,  2,27 

trusses,  2,16 
>tru<  tu    Iui  its     19 
Stucco  mi  i  >ti      nd1  ierm  il|  rol  -  tion,7.56- 

7,37 
Stu      ill    >n<  reti    I E  .  ,m  id  fou  i  Ia1  on    5  10 
Subfioi    n ,    /■  '•  flooi  55  •    ms,  1.32 

1 '   urfa        'i'i  g    , 
Sunspace: 

construction,  5,36 

igm ..,. 

face  a   n      11    530 
Surface  drainage,  1.21 
Surf  ici  Lii  ling  door   <  mi 
Surfacing.-  oncret.  ,  !!  systems, 5.09 
Suspended  icou  ntical  ceiling  tile,  10,23 
!  us1  inability: 

I  id  ling    n     O:     106 

building  systems,  2,04 
••:    ,.     ;  mrs  2-04 
■witch  >,  electi    il  systems,  11  >' 


temp*  ati  re 

curl  i  'i   alls  /  25 
I  1  1    comfort,  11.04-11.05 

thermal  insulation.  7.39-7.40 
Terrazzo  flooring,  10.15 
Thermal  comfort,  11.05-11.05 
Thermal  cm  activity  ma  eri  lis.  12.02 
fhen  ilin   >!  a  1  659  V\0 


Thermal    otection.S    i    >istui     m  thermal 

protectii       ■  ■  ;  •    oistui    in    h  mi 
protection  structures  and  materials 

Thermal   th      loads  2,06 

Thickened  e(    •  I  il    ;om  i   ;«  .1. 1  >  on  grade 
foundations,  3,20 

Threshold     loorsandd      fi  imes.6.21 
ba<      oundation  systerm    >.07 

Tils  roofing,  7.06 


Tilt-up  con  traction    all      terns,  5,15 

Timber  re    ini   iwalLI.33 

5  gl  b<  Its  rnateri  1    12.20 

Toilet  stall  9(  9,29 

Topograph'  i  uildii  j  0  ",  1.10-1.11 

Fradeatii    vo\     ••   i  i    •  •"  I,  tion    A.  11  A.34 

Transmission  loss,soun ,  control,  A.17 

Traps,  plumbing  11.26 

Treads,  .hi    equii    i        9,(      ).Oi  9,05 

frees,  bull,  ingsit    !  '  «.  >e  als  >PIan1  m    .  rial  • 

Trim,  wood,  10,26-10.27 

TrimacCi      i      , !  ■    er,  10.04 

Trusses; 

pr  ioM;  •  tedji  isi    ind  tru:  s<    woodfiooi 
systems,  4,33-4.34 

steel  rod  *yst  rn > ':.0'o-6.09 

structural  sy:  tern,  2,16 
2030  Challenge,  1.06 

Two  wayfi  I  j  la1   corn    ,■  fie ris  4.07 

Two-way  ii  I   lab  concrete  slab  lb     ;   terns,  4.07 
fwo-wayslab,  n  Ik     m  on*  ••  <>  flooi   y  I  m  » 

4,06 
Two-way     OS     i  coni  'etefb  sysl  ms  --,06 

U 

U   ler   -  «  !    foi    -  ;!,  ...  finoj, 7.05 
Underpinnsn    foun   itions    terns  3.06 
Uniformat  II  (ASTM  Standard  E1557),  A.23-A.25 

United  Nations,  1.03 

U.S.  Ore  n  Building!        ii(l     'SCjJ.04 
;;  fitloi      oorsai     too       n  s  l  .19 
U  .  :i  fo  i    Im     n  II    • 

5,16-5,17 
Urinal,  9. 9.27, 9.29 


Vapor  bi      ,      oring  10.17 

Vapor  seta rders,  7.46 


Van  ishesj        «'  !       21    12,22 
■     Its,  structural  sy  •■"•,  m  2.25 
r„  .1.0    ofin 

Vegetation.  See  Plant  materials 
Vehiculai   ircul  lu  i  bull !-  tgsiti  1,26 

li  Ul  ,  '    J''l         U  111  ;■,'  '•■    !  2: 

Veneer,  pM  >od,  fini     vork,  i0.29 
Veneers: 

masoni  !  veneer  w   s,7.2  >— 7,29 
neveneei    all    '  7—7.29 

•<••<;  ■  ■ !.  I  products,  12,15 

i  ;  ition: 

airdistributioi  outlets,  11.21 

bathrooms,  9.30 

kitchens,  9.25 

moistun    •  tla  m  dpi      -non, 7,47 

wind,  1.22 
Vertical    mrd  ;  ling,  7,35 
Vis ,     bi  I. ing    t   \Z 
Vision,  lighting,  11.37 

W 

Waferboard,  materials,  12,15 
Wall  flashing  7.22 
Walls: 

ceramic  tile,  10.14 

om  < t.    I  ib:  ong  i     i.  un  I,  tion:  3  20  3.21 
fi  undatioi      as  m:      10-3.15 
lateral  stability,  2.22 
ru<    i   Isys  em  2.17 
Wall  systems,  5.02-5,49 
i  It  be  con:  rui  tion,  5,31 
balloon  framing,  5,41 
on.  ret:  columns  5,04-5,05 
concrete  1  mm    rl  '    '/ -5.0ft 
mcreti     rfacing     0! 

,  5.06 
!  I  sirs  ill    ''  14  726 
glass  block,  5.29-5.30 

i     !  10,10 
in     ition,  7.44 
masonry  arches,  5.20 
masonry  bonding,  5.26-5.27 
nason    col  n  in    in  pil      *    "  ':' 
.   ■•   .       •:,   i,       dconti    \o\  it:    »,22 

I fnl  Is,  5,21 
masonry  veneer,  725-729 


i      •  .       14-5 15 
masonry1',1;    -.  .     j,5,22    5,25 
netah  iddii 
overview,  5,02-5,05 
plaster  details,  10.06 
platform  framing,  5.42 
precast  ;oi    el    5,10  -5.12 
urea    m   ik  eU  pai  '    7.2/ 
rainscreen,7.23 


i    :  h       rthcon  mrm  tion,  5.52 
siding      2-7.35 
steel  column    !  "7-5.56 
■  ■■  Ifi  iming  a  55-5.36 
;     I  tud;  (lighl  )  "<y  J,  5  39  -5.40 
stone  masonry,  5.33-5.34 
'  '    ven    i  1  ' 
:  tructur,  I  clay  tile  5.25 
stucco,  7.36-7.37 
tilt-up  con  ■  u  tion,  5.15 
wood  columns,  5.47 

•'."•'  »'  i   ind-bi  imfi  imi  i   5  45-5,50 
•"  >d  tud  fi  m  n<    ■  !3  -5.45 
wood  stud  sheathing,  5.46 
Wastewater,  11,29 
'  t<  i 
concrete,  12.04-12.05 

■  Ik   1 2 ! 

precipitation,  1.20 
topography,  1.11 
Watercloset,  9, 9.27, 9.29 

efficiency    usl    nal  lity  1.04 
Water  pres    re  loads,  2,06 
•  •'  ,    suppl       i  m  nli      ndelec    cal  system 
11,22-11,24 
th      ripping; 

doors  and  door  frames,  6.21 
in  .      indwindi    fs  mies,6,21 
Welde<    •    I  conn    tl       550 
Welds,  2.50 

ivate,1  ,22 
Wet-bulb1     p '.  fcu     th       I  s  i  fori  11.05 
Wet  glazing,  6,26 
Wetlands,  drainage,  1.21 
ind: 
I"-   ingsite,  i.22 
ii    ',   ,       724 
I  •   ifort,  11.04 


1PEI 


Winding  stair  plan,  9.07  Wood  shingles; 

Wind  loads.de:  i  ribed  i.09  roofing,  7,04 

Windows  and  window  frames  ■   !,  5.21-6.36                   roofing  underlays  nt,  7.03 

glazing  sysl    i  >  6,26-6.56  siding,  7.33 

metal,  6.24-6.25  Wood  stairs,  9,06-9.09 

op  i  ition  6.23  Wood  toil    t  lirh  w  1      t<  ms,  5.43-5.45 

overview, 6.22  Woods  idsh     hing.wallsy     rns,5,46 

views,  1.23  Wood  trusses,  roo  •     tern     »  '6-6.30 

wealik    tripping,  6.21  Wood  windows  and  wind     (rami       26-5.27 
wood,  6,26-6.27 


power,  .ill-  maths    nergy  >ources,  11.07 
Wiring,  el*  ctrical  power,  11.33                                   1 
Wood,  in  I  rial    12.11  12,14  Zoning  i  i I    Building  codes 

Wood  beam    foundation     lis,  3.15  Regulatory  factors 

Hoodcolum     walls    terns,  5.4'  building  site.  1,24-1.25 

Wood  door  fran  5,6.10  building  systems,  2,04 

Wood  flooring  10.16-10.17 

Wood  floor  systems,  4.05, 4,26-4.40 

b<  im    k35    !  57 

decking,  4.40 

|  :  i     1.26-4,51 

plank-ai  i      K     -4.59 

prefabrii  «     Ijoi       n    russes,  K55-4.54 

subflooring.4.32 
Woodfiusi    i   r: 

Wood  joints,  finish  wort  10.24-10.25 
Woodjoi  -tssfoun       -      I       15 
Woodmol  lin  •••  n  I  trim,  t  26  40.27 
Wood  paneling: 

fini  h     -    b 

materials,  12,15 
Wood  plan1    nd-b    n  framing,  rood    /  .terns, 

6,24-6.25 
Woodpi  •     ind-beamconnei    on    rool    /stem 

6.26-6.27 
Woodpo;     ind-bi    n  framing,  v  ill  ■/  .terns, 

5,46-5.50 
Woodpo; '  ( . !  i  •:  "  0  ..;    found    |  >n   , 

5,16 
Wood  rafters,  roof  systems,  6.19-6.22 
Wood  raii         i   .   or   6.09 
Woodsha 

roofing,  7,05 

roofing  urn  .  rl  lyment,  7.03 


Architecture/Methods  &  Materials 


The  classic  visual  guide  to  the  basics  of  building 
construction,  now  with  the  most  current  information 

For  nearly  three  decades,  Building  Construction  Illustrated  has  offered  an  outstand- 
ing introduction  to  the  principles  of  building  construction.  This  new  edition  of 
the  revered  classic-remains  as  relevant  as  ever — providing  the  latest  information 
in  Francis  D.K.  Ching's  signature  style.  Its  rich  and  comprehensive  approach  clearly 
presents  all  of  the  basic  concepts  underlying  building  construction  and  equips 
readers  with  useful  guidelines  for  approaching  virtually  any  new  materials  or 
techniques  they  may  encounter. 

Laying  out  the  material  and  structural  choices  available,  it  provides  a  full  under- 
standing of  how  these  choices  affect  a  building's  form  and  dimensions.  Complete 
with  more  than  1 ,000  illustrations,  the  book  moves  through  each  of  the  key  stages  of 
the  design  process, from  site  selection  to  building  components,  mechanical  systems, 
and  finishes. 

•  Illustrated  throughout  with  clear  and  accurate  drawings  that  present  the  state  of 
the  art  in  construction  processes  and  materials 

•  Updated  and  revised  to  include  the  latest  knowledge  on  sustainability,  incorpora- 
tion of  building  systems,  and  use  of  new  materials 

•  Archetypal  drawings  offer  clear  inspiration  for  designers  and  drafters 

•  Reflects  the  most  current  building  codes  and  CSI  Master  Format™  numbering  scheme 

With  its  comprehensive  and  lucid  presentation  of  everything  from  foundations  and 
floor  systems  to  finish  work,  Building  Construction  Illustrated,  Fourth  Edition  equips 
students  and  professionals  in  all  areas  of  architecture  and  construction  with  use- 
ful guidelines  for  approaching  virtually  any  new  materials  or  techniques  they  may 
encounter  in  building  planning, design,and  construction. 

FRANCIS  D.K.CHING  is  the  bestselling  author  of  numerous  books  on  architecture  and 
design,  including  Architecture:  Form,  Space,  and  Order,  A  Global  History  of  Architecture, 
Architectural  Graphics,  A  Visual  Dictionary  of  Architecture,  and  Interior  Design  Illustrated, 
all  published  by  Wiley.  His  works  have  been  translated  into  over  sixteen  languages 
and  are  regarded  as  classics  for  their  renowned  graphic  presentation.  He  is  a  regis- 
tered architect  and  Professor  Emeritus  at  the  University  of  Washington  in  Seattle. 
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